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PREFACE TO THE SECOND EDITION. 



niHE reception accorded to this work has been so 
favourable as to iodaco the Publisher to iaaae 
a second edition, in which sucb new matter should 
be embodied as the progress of Microscopic science 
might require. He therefore applied to the Author, 
but he fonnd to his regret that the state of Mr. 
Baviea'a health was such as to forbid his under- 
taking the labour. He had, liowever, collected 
many valuable notes and memoranda, which ho 
was willing to place at the disposal of any gentle- 
man who might be selected to edit the work. The 
Publisher then consulted the present Editor, who, 
after some hesitation, consented not only to use 
his best efforts with the ample materials placed at 
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TEE SECOND EDITION, 

his disposal, but also to make sucli additions as hia 
experience miglifc suggest in extension of the uao- . 
fiibeas of the book to a new class of readers, — the 
Medical Student, and the Junior Medical Practi- 
tioner. To this end, besides other matter, a brief 
prefatory chapter has been added, embracing the 
ilements of preliminarv histological manipulation, 
ile claiming the indulgence of the elders of his 
■the Editor feels that the beat and truest 
ilogy for this treatise, its raisoii d'etre — in fact, 
lay be found ia the words of its concluding para- 
Lpb, to which the roador is now courteously 
iferred. 
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PBEFACE TO THE FIRST KDITION. 



TN bringing this Handbook before the public, the 
Author believes that he is supplying a want which 
hfts been long felt. Much information concerning 
the " Preparation and Monnting of Microscopic 
Objects " baa been already published ; but mostly 
as supplementary chapters only, in books written 
professedly npon the Microscope. From this it is 
evident that it was necessary to consult a namber 
of works in order to obtain anything like a com- 
plete knowledge of the subject. These pages, 
however, will be found to comprise most of the 
approved methods of mounting, together with 
the results of the Author's experience, and that 
of many of his friends, in every department of 
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^^k microscopic manipnlation j and as it is intended 
^^ftto assist the beginner as well aa the advanced 
^B.8tudent, the very rudiments of the art have not 
^B'becn omitted. 

^B As there is a diversity of opinion as to the heat 
naode of proceeding in certain cases, numeroaa 
quotations have been made. Wherever this has 
been done, the Author believes that he has acknow- 
ledged the source from which he has taken the 
information} and he here tenders his sincere 
thanks to those friends who have ao freely allowed 
him to make nse of their works. Should, however, 
any one find bis own process in these pages 
unackaouiledged, the Author can only plead over* 
sight, and his regret that snch ehonld have bees 
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PREPABATIOH AHD MOUNTINS 

MICROSCOPIC OBJECTS 



CHAPTBB I. 



mTRODOCTIOK. 



Thib work having been written chiefly to help Btudenta, 
the writer does not venture to affirm of it that it is by any 
means complete or eihaoBtiTe. The art of microacopio 
manipulation ia progresaive, and it is scarcely poBBible, 
therefore, to say of a work on the sabject, that it holds all 
that ia known at any given time. It ia an art, too, which 
is so inextricably mixed up with the highest branches cf 
Boientifio inquiry, that new modes of iaveatigation are daily 
devised by the acnteat inteilecta, and with these it ia very 
difficalb for a writer to keep pace. 

It is a well-nigh hopeless task to attempt to teach eacb 
modes of inquiry by precept, yet it ia felt that soma abort 
account of them may reaeonably be expected here. Befi'r- 
ence is now made more particularly to the practical part of 
human and comparative histology. As this is not a treatias 
on histology, but is devoted mainly to the methods of pre- 
Berring the results of researches in that science, it is scarcely 
possible to indicate to the student how he shall proceed in 
any given case; yet there are certain tests, reagents, and 
■taining matters employed, with the nses and effecta of J 
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which he ehonld be familiar, ho as to be ahle to speak- « 
BOme degree of certainty of the oatare of the tissaes demoa- 
Btrated by them. 

It is now, therefore, intended to give the reader a list of 
these aids, arrangiag them according to the effects whioh it 
is desired to prodoce. Strieker observes, " that it is to be 
borne in mind that it ia impossible to say of anj floid that 
it constitutes an indifierent, i.e., neutral, medioni for freeh 
tissnes of all kinds. In all itiataiiceB we mnst bo prepared 
for changes taking place." He gives, however, a list of 
floids to which strHoturea arc generally moat indifferent, i.e., 
in which least alteration may be detected under examina- 
tion while fresh, viz.: — J 

lat. Fluid of the aqneons hamoar. I 

2nd. The Bemm of the blood. I 

3rd. Amniotic flaid, very freah, in which a little iodine II 
has been diaaolved, making it of a faint yellow tint. " " 

4ith. Yery dilute solntions of neatral salts, sncb as phos- 
phate and acetate of soda and potash, &c. 

It ia scarcely within the power of any one observer to 
have largely naed or tested the whole of the processes here- 
inafter to be mentioned. The writer therefore freely admita 
his obligations to the treatises of Drs. Beale and Carpenter, , 
Mr. Qaekett and Mr. Fownes, as well as to those of Strieker, 
Frey, Klein, Schnltze, Kiihne, Deiters, Leber, and others, 
many of whose processes he has peraonally verified, and of 
whose manuals, especially those of Beale, Strieker, and Frey, 
the student is advised to possess himself. He believes also, 
from his own early eiperiences, that some short rationale 
of the intentions of the processes and means of investigation 
used by well-known workers may be acceptable to the stn- 
dent, in repeating their experiments before embarking in - 
any of his own. 

These materials and methods may be divided, then, and 
described according to their effects somewhat as follows ; 
and it is in the judiciona selection of each one or more of 
them that the tact and discretion of the student will beat 
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Hpe aliaTra. He sliould licar in mind, too, tbat the same 
Ipbaotnre may well be aabmitted to varioaa modes of in- 
^fto iry. and that possibly new modes may occur to him which, 
BpLoagb they may not serve to prove anything directly, may 
Br ri become negative proofs. 

V 1st. Bach tests and ageats as render transparent or 
^nanataeest some tissues but not others adjacent, or make 
^nme more conepicaoiiB than otbera without colouring them, 
^br at least bnt raintl;. 

K ^'^^^ Staining materials or fluids, which coloar either all 

Hna tisanes to be displayed, or some particular part or parts 

KoFthem, thus making snch tissues or parts more conspicuoaa 

wlien BQbsequently examined or preserved in a colourless 

medium. 

3rd. Hardening Hgente or aolutioDS, by the effect of 
which tisanes naturally so soft as to break down or he other- 
wise TLDmaaageable nader manipulation, are made firm 
enongii for section, or for snch examination as may snffice to 
to discrtminate (or "diiTerentiate") their parts, without 
^ther disturbing or confusing their stmctutal relations. 

4th. Softeuittg agents of animal and vegetable tisanca, 
[ Bth. Solvents of the same. 

. Solvents of calcareona matter. 
' 7th. Solvents of siliceous matter. 

* 8th. Solvents of oily and fatty matters. 

* 9th, Polarized light, by the agency of which strnotnrM I 
tnd organs may often be optically differentiated as a pc«- I 
tmtnary to other modes of investigation. 
''10th. Electricity and heat, 
*' 11th. The moist chamber. 

*' In dealing with atractnres by means of the agents ci 
Ifised nnder the firet division of onr list, a very frequent 

lessary preliminary is the teasing ont or separation 

f fibres by means of two sharp needles set in convenient 

handles. Bat it must be remembered that an appearance 

f strnctnre, where it does not really exist, may easily ha i 

a produoed. It is often necessary, also, that the object 1 
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Bhall have been macerated in water, t 
for so long a time as may be required to loofe: 
the connective tissue. Tt ia of these agents that we shall 
preeently have to Bpeak in detail, greater or leas according 
to their relative importance. Boiliag or steaming maj 
often be employed with advantage. It mnst not be too 
hiutilj concluded that, becanse there ia nothing at first 
viaiblo, there is therefore nothing to be seen. There are 
many important tisanes which are apparently BtructurelesB, 
or homogeneoQB, which yet are posaeaaed of auch diverse 
eleraenta bs abaolutely to reqnire some process by vibich 
they may be optically or visnally differentialed, if one may 
nse mch a phrase, i.e., discriminated from the neighbonring 
tiaaaes or organs. It is thna that their proper uses and ! 
pnrpoaea in relation to the whole organism may be correctly I 
indicated or inferred, their histological natnre decided, and 
their physiologicst relations and connections estabhshed be- 
yond doabt. 

The stadent is also very emphatically cantioned against 
the use of objectives of very wide angle, as well as of 
deep eye-piecea. In the former case, the relations of 
strnotores to each other can never be well made ont, since 
it is impossible to get a focus of any depth (i.e., of all the 
Btrnctnres involved), in one view, becaoae the objects in one 
plane only can be clearly seen, the rest, either above or below, 
being more or less ont of focus, and therefore bazy and 
indiatinct. This objection applies far less to those of lesser 
angle, which are therefore the best for histological pnrposes. 
In the latter case, we have nearly the same defect to con- 
tend with, viz., that surface markinga only, or mostly, can 
be seen clearly (not to speak of the loss of light). The nee 
of the draw-tube is the true remedy for this, 



ist Drnsios. 

TToder oaifiret head iaa.j be ranged the following : — 
Acetic scii. 

LiqDor potaMce and soclej. 
Concentrated aulphoric and hjdrooWorio aoids (the latter 

eatnrated with chiotine). 
Tannin, 

Lime and barjta water. 
Oxalic acid. 

Ifitric acid with chlorate of potaah. 
Ammoaia. 
Alcohol- 
Iodine. 
Glycerine (F) 
Phosphoric acid (tribasic). 

Acetic acid more or leBS dilate, e.g. one part to fire of 
water, after a eufficieotly prolonged immersion, renders 
Ira/neparent iho following tissoeB, without tn general dee- 
trojiag their oonnectiTO tisane; — some miiscks (of the frog 
(KoUiter),) cell-wiills generally (not the nnclena), epithelial 
etmctarea, while dbroua tissue. Dr. Beale saya that yellow 
fita^ns tisane ia unaltered by it. Many kinds of formed 
material, seotions of preparations which have been hardened 
by alcohol. Dr. Bt^ale alao aaya that it dissolves granular 
matter composed of albuminous material, and that many 
tiasnea are quite insoluble in it, though they are not ren- 
dered opaque by it. Acetic acid renders some tissuea trans- 
parent by dissolving out the phosphate or carbonate of IJme, 
which they may contain, bat it has no similar solvent power 
over oxalate of lime. Facta nbtcb are unaffected by this 
acid are then made more conspicuous. 

Liquor potaaaiB and liquor eodce act in much the same 
way, according to the degree of their dilution, bat on different 
atrnctures. Albuminoas tissues, epithelium, &c., are either 
diaaolved by them or rendered so transparent as not to 
obstrnct the view of the subjacent strncturea. 
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Oonoeiitrated Bulphnrio and hjdroclilaric acida, asedMlH 
canae epiclermio BtractnreB to BweU up, bo that their cdn' 
may be eaailj separated. 

Tannin, dissolved in water or rectified spirit of wln^ 
hardens gelatinous and albuminoid tiasaeB : it aleo makes 
them Bhriok. Its solution in water haa been used, as men- 
tioned in another part of this treatise, as an injection pre- 
liminarj to one of coloured gelatine, to prevent extra vasatdon 
throQgh the walls of the blood-vessels. It also colours tho 
tisBues a fawn-colonr, or a very faint brown. 

Lime water and baryta water, especially the latter, will, 
according to Bollet, dlBBoIve the animal cement by which tha , 
fibres of connective tisaae are held together. After a few 
days' Boaking snch tiesae, as well aa tendon, may easily be 
teaaed out by needles. 

Osalio acid, in a cold satarated solution (1 acid, 15 
water), according to Schultze, " causea connective tiasaes to 
swell np and become transparent, while tliose formed of al- 
buminous siibstaDcea become hardened and isolated. Ei- 
tremdy delicate elements of the body, auoh as the rods of 
the retina, &e., are thns well preserved." 

Strong nitric acid mixed with chlorate of potash destroys 
connective tissue in a short time, and is therefore a good 
medium for isolating mnscalar fibres (Kuhne). 

Salphurio acid, highly diluted (1 to 1,000 parts of water), 
used warm, gelatinizes connective tisane, and is also asefiil 
for the isoIatioQ of mnscolar fibres. 

Strong hydrochloric acid dissolves the intercellolar sub- 
stances of organs abounding in connective tissue. 

Ammonia acts on animal matters much in the same way 
as potash and soda. 

Alcohol coagulates albominous tissues, and makes them 
opaque. It corrugates moat transparent membranes, and 
thus renders them more visible. 

Finally, it may be affirmed that there oilen exists a need 
of making objects which are too dark more transparent by 
means of a fluid which permeates them untgwaUy, bo that 
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:B are theteby as it were " differentiated," yet nofr 

1 any material degree. Thia may be effected by 

xdationB of gnm, sagar, glycerine, and creosote, if tba 

'ssnes are moist. If dry, then turpentine, Canada balsaoi, 

mdne or benzole, and the essential oils of cIdtcb, Bnis^ 

d caaeiai may be employed. 
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Snd Division. 

TJndor tbe eecond diriaion of our snbjeut c 
toida. 
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Many of tbese mU be fonnd mentioned in the body of this 
They comprise carmine solutions, both acid and 
Ikaline ; aniline colonra, indigo, carmine, haimatoxyline, 
(o„ formulae for the nee of which are given. To theae Frey 
■Adda, bine tingeing by molybdate of ammonia, and doable 
ining by carmine and picric acid. 
A neatral eolation of the molyhdate of ammonia of the 
'rength of 5 per cent, gives a blue tint to nerve-tiBene, 
mphatic glanda, and ciliated epithelial cells, after macera- 
son. far 24, hoars in the light. 
For doable staining by carmine and picric acid be recom- 
''b a mixtnre containing — 

1 part creosote, 
10 parts acetic aoid, 
20 parts water. 

ioak the tiaaaea in this solution while boiling for abont a 
■unate, then dry for two days. Make thin aectiona of them, 
'mmerae for an honr in water faintly acidulated with 
BCeUo acid, and then wash in distilled water. Next place 
a very dilute watery solution of ammoniacal ear- 
Inline, waab again in water, and place in a solution of picrio 
■Aoid ID water, the strength of wLieh will vary according to 
'roumatanoea. The sections are then to be placed on a 
ie, auperSuona acid allowed to drain off, and a mixture of 
S parts oreosoto to 1 of old reainoas turpentine dropped on 
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them. In about half an tioar they irill become tranapi 
aod niBj be motiiited ia Caaada balsam. 

" A peculiar efTuct is thaa obtained. Epithelial 
glaaduiar cell^, muBcleB, and the walls of vesaeli 
jellowish colour, with reddened nnolei, while the connect 
tisane is not coloored b; the picrio acid, and only presents 
the CBimiDe coloar." 

Another mode of efieoting the above ia by adding to a 
Batnrated and Qltered eolntion of picric acid in water, a 
strong Bjnmoniacal eolation of carmine, drop by drop, nntil 
neutralization takes place. Sections may be Boaked in this 
solution, more or less dilute, for a anfficicnt time, and 
treated as in the previooa method. 

Tbe other staining agents are: — nitrate of silver, oamia 
acid, chloride of gold, chlorido of gold and potaaeium, proto- 
chloride of palladium. These are to be made into weak 
Eolations in distilled water, in which tbe tissues, in section 
or otherwise, are to be placed, and then eipoaed to light for 
a sufficient time. 

Leber reoomraeuda a mode of staioing by Prussian blae, 
as follows: — Immerse the specimen in a weak solution 
of a protosalt of iron for five minutes, more or less, 
according to size or tbe thinness of the section. Then 
wash and move it to and fro for a few minutes in a 
1 per cent, solution of ferro-cyanide of potassium until it 
assumes an intense and uniform blue colour. Then w^tsli 
in water, Boak in alcohol, and mount as usual. The effect 
is that of partial tingeing ; the colour penetratea very 
deeply, and the tissue may be Bubseqncotly stained with 
iodinn, carmine, or fuchsioe. This method baa been nsed for 
the cornea of the frog. 

Iodine 1 part, with 3 of iodide of potassiam, dissolved in 
BOO of water, may be nsed for tingeing of a brown colour 
animal cells, as well as all amyloid substances, animal or 
vegetable, snlphnric acid being added. 
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^^H TTnder the third ^iTiGian of our liat ma; be ranged the 
^^Ffbllowing agents; — alcohol, BolntioDa of chromic acid, bi- 
^^ cbromate of potash, hjperosmic acid, chloride of palladiara, 
bichloride of meroary (in Groadbj's solutioo), and tannin, or 
the anbatancB may be dried in thin layera or email pieces, 
either spoilt an coDsly or in Tocao, or by carefully regnlateJ 
beat; in Komb cases it may be boiled, or it may be frozen. 

Alcohol is, OIL the whole, the best and most convenient of 
the hardening agents. It acts by abstracting water and 
coagnlating albnjaen, and its nees as a preEervative duid 
per se are well known. It enters also into many of the 
pTessTTative SnidH, and is especially convenient and asefnl 
when it is desired to mount specimens quickly ont of watery 
fluids in Canada balsaic, withont drying tliem previoosly. 
After a longer or shorter soaking in it, according to their 
Eize or thinness, preparations may be at once placed in tnr< 
pentine, end then easily and speedily pot np for examina- 
tion in balsam. 

Dr. Beale recommends a miitare oF alcohol and a solu- 
tioD of canstio soda for the preservation of delicate tissues. 
He observes, " that alcohol alone tends to coagulate albn< 
minciQS textures and render them opaque, at the same time 
that it hardens them. The alkali, on the other hand, will 
render them soft and transparent, and would dissolve them 
if time were allowed. These two flnids, in conjunction, 
harden the texture, and at the same time make it clear and 
transparent." 

Chromic acid in solution, 025 — 0-5 to 1 and 2 per cent, 
of distilled water is much used. On account of tts deli- 
quescence, it is most conveniently kept in a saturated solu- 
tion, which may bo diluted as desired; and very often the 
weaker this solution the better. When it has liad the de- 
sired effect on the tissue, the preparation should be removed 
into dilated alcohol, on account of the readiness with which 
fnngi and confcrvoid growths are formed in chromic acid 
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RDlationa. There are aoma pi^caations needed for perft 
success wilh thia agent, for nhicli the reader ie referred to 
Ftcj's " Mieroacopio Teolmology." 

BicliTomate of potasb, in aolutioas of aiimlar strength to 
those of chromio acid, maj ha aeed in the eame way, but is 
far Blower in producing ita effect, and therefore inferior in 
tiie opinion of man]'. Strieker, however, saya, " that it has 
tlie great advantage that tiasDCB aatorated with it do not 
bccomo friable, and that the time occupied hj this agent, 
as well aa b; the preceding, may ba mnch shortened bj re- 
moving the preparation into alcohol for twenty-four honrs," 

It is alwajB advisable to divide the aubstances to be har- 
dened into portions as small as convenient, since the larger 
often putrefy in the centre, though they harden at the sur- 
face. It ia quite certain that many of the more delicate 
atructurea, each an the rods of the cochlea of the ear 
(Pritohard), those of the eyes of insects, &e., are better 
prepared with thia than by the preceding agent. One great 
element of SQCceea in these two processes is, that the volume 
of the solution ahonld be very large in proportion to the 
size of the object j another, that the action shonld be 
commoaced with a weak solutioii, and ooatinaed with a 
etronger. 

It Bometimea happens that objects may be hardened too 
much by these solutions, thongh there ia less risk by the 
bichromate of potash. In anch cases Frey recommends that 
they be aoaked in glycerine for a few days, and even that it 
be added to the solutiona at dtet. He, with Deiters, Arnold, 
SchulLze, aud Siihne, claims for these solutiona an effect oi 
the most important kind, viz., that of " preserving the finest 
teiturol relations, while exerting a aomewbat macerating 
action on them, so that very dehcate organ izatious, especially 
in nerve tissues, may be made visibio which were previously 
hiddea, or not visible in eiatnination of the fresh tiaaue." 

SyX*^rosmio acid and chloride of palladium are sometimes 
naed for thia purpose also. Their solutions may contain 
from oae-fifth fo one-tenlh per cent, of distilled water. 
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Bichlorlije of mercarj acts, in bardeciog tieanea (like 
most of the preceding, probablj), by combioiDg and formiDg 
an inBolable componnd with tbeii albuminoid elemeutB. It 
IB not mach employed for tLia parpoae, but ii priucipally 
of nee in certatu preaervative solations mentioned elaewbere 
in tbese pages. 

Tannic acid forma inE< Table compounds with a great 
variety of organic and especially auimal sobBtancea, as sola- 
tiona of starob aud gelatine, solid muscular fibre and ekin, 
Ac, mhioli tben acquire the power of resisting pntrefeo- 
tion. It scarcely coloora animal membrane. Dr. Beala 
says tbat its action upon red blood corpasclca is " very 
peculiar." The solution uBed is three grains to an oauce of 
water. Other usea of tannin (tacnic aoid) will be found 
elsewhere in tbia work, and the intelligent student will easily 
thenoe infer its action and properties. 

Drying may be effected either in a current of warm dry 
air, or under a bell-glass over ealpbnric acid, or over a layer 
of parebed oatmeal ; or a cbcap form of water bath may be 
employed, Buah as will bo found described in this work. 
Another very speedy method is to soak the specimen in 
strong alcohol for a sulGcienb time, remove it, and expose to 
a current of warm dry air. 

Boiling. — Tisanes may be hardened by boiling in a flaid 
consisting of 8 parta water, 1 part creosote, aud 1 part 
vinegar, for two or three minutes. Tbej moy tben bo laid 
out to dry. After two or three days they acquire a firm- 
ness admirably adapted for section; but if they remain too 
long uncut they become of a consistence unfit for that pur- 
pose. On the whole, boiling is not to be recommended, 
thoQgb Strieker says that it has its occasional uses. 

Freezing may be employed for otherwise unmanageable 
■trnctnrea, such as brain, spinal cord, &c. (though there 
Eeems to be an objection of a theoretical kind to tbia nae of 
it, viz., that it may injure or alter the colls), or other tiasnea 
which will not admit the use of chromia acid, or which it mayj 
be deaired to view under other aspects. 
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The writer Hdh little or do eiperience of this plan, A 
tiierefore quotes from Frey as followa ; — 

The prEpa,ra.tioD is alloired to freeze (by oontaot, it is' 4 
preaumed, with a freeziog miiture er Bolntion) ontil it as- 

is a coneiBteocj which will pettoit Goe aectioDS to ba ' 
made with a coo'td la^or. The object is more con veoient ia . 
handle if it ia allowed to freeze on a piece of corlr. Nerves 
and mnsclea have been treated in this manner with good 
resnlta, Glanda (aalivarj), livera, aplecns, the Itinge, akin, 
md the bodies of embryos (see Beale'a process for the sams 
n this work), also ganglia, afford excellent appearaooes. 
Indifferent (or neotral) media, sach as iodine aerum, are to 
bo ased in examining euch sections. Or the preparation maj' 
be held in parafEne vat (diluted or not with oil), or tallow, 
which have been melted, and the object snapended or 
plunged in thero until they cool, and the cooling may be 
carried further, if needed, by freezing." 

In reference to this subject, Mr. Keateven informa the 

author that he has fonnd the paraffine compoeition mote 

stfnl for brain than spinal cord. The former can be cot 

into any angular shape, and be so held at«ady for slicing; 

, bnt the cord, being ronnd, becomes loosened in its setting of 

T(or paraffine), and revolves with the pressure of the knife. 
For either bruin or cord he prefers hand-cutting with a very 
ahatp razor, after the manner of LoctUart Clarke (see Mr. 
Kesteven'a paper in St. Bartholomew's Hospital Eeports), 
If many sections are to be made from a brain, machine- 
cntting aaves much time. The razor should have some 
spirit of wine dropped on it, so as to prevent the seoti.ins 
adhering. The cutting machines are generally graduated 
(by a aorew and index) on the upward movement, ao as to 
enable one to judge of the thickness of the section ; bnt aa 
the brain aobEtance and paraffine are both yielding to a cer- 
tain extent, the reading must be taken with allowance. 
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OF UICROSCOFIC OBJECI3. 
4tB DtVIBIOH. 

This inclndea glycerine, liquor potasiisa &oi aaSee, heat (aa 
1 regards some eiibBtanccs), niacerH.tiDn (carried to incipient 
patreacence), nitrto and clilor-hjdrie tLcids, either pure or 
dilate (in the case of hones, nails, &c.). 

The writer is in doabt nbcther glycerine onght or not to 
be inclacled acdcr this section or the first, its nees and 
effects being so variona and intereating. Indeed, there is 
BCETcelf anj agent to n-hich histology is more indebted for 
its present status and progress, since there is dot no donht 
that elementarj tissue can be more readily discriminated in 
this medium — perhaps, too, bij it — thaa any other, It has 
also the valnable property of prescrTing the tissues, if it be 
not too much diluted, and even then it is generally effectual 
if camphor water be employed as the diluent. The strongest 
and best glycerine should always bo employed. The first 
effect on tissues immersed in it is that they shrink, owing 
to the abatraotlon of their water; but Dp. Beale speaks in 
the highest terms of its uses and advantages, and declares 
that the tissues gradually ri^gain their original 7olnme if 
left in it for a sufficient time. They then soften, and even 
ewell up. His practice is first to immerse the specimen in 
tneak glycerine solution, and then gradually to increase the 
density of the fluid. He recommends, alfo, " in order that 
tLasnes may be nuiformlj permeated nitb a fluid witbia a 
yery short time after the death of an animal, that the fluid 
sbonldcome quickhj in contact with every part of the texture." 
This, he says, may be effected in two ways, by 

h. Soaking very thin pieces iu the fluid; 

B. By injecting the fluid into the vessels of the animal. 

He thinks that these properties more particnlarly apper- 
tain to glycerine than to any other medium, and affirms 
thafcerebraltissnes, delicate nervous tis bo ea like the retina 
or the nervC'teitures of the internal ear, may be satnrated 
with it, and diieection tlten earned to a degree of minulenau 
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. im^otsihh in any other medium. All that is required ia, 

I tiiat tlie strength of the fluid should be incceaaed very 
gradoally until the whole tiasne is thoronghlj penetrated by 

. the Btrongest that can be ohtained;" and " that thus pwj/ 
hard textarei may ha Boftened, so that by gradnally increaB- 
j pressnre and careful manipulation eiceedingly thin 

I layers can be obtained, without the relation of the anatomi- 
cal elements to each other baing much altered, or any of tfao 
tiasnes deatroyed." He alao takes occasion to observe, "that 
tissues imuieraed iu water are destroyed by CTen moderate 
pressure; bnt that ia a Tiscid medium {such as glycerine or 
eyrnp) the rcquiaite preBsure can be borne not only without 
injury or impairment of the discrimination of their parts, 
but with advantage to their detail." One very great advan- 
tage which results from the nse of glycerine for the prepara- 
tion of textures is, that however they may swell in it afler 
prolonged immersion, a sufficient soaking in water will 
always restore them to their normal condition. Another is, 
that on account of its Tery hi^h refractive power, it is 
peculiarly fitted for the preparation of strnctnree to be in- 
Testigated by polarized light, with the same advantage as in. 
the preceding case, that they are still amenable to all other 

I modes of inquiry. 

The caustic alkalies — potash, soda, and ammonia, are 
solvents of all animal textures except chitine, and perhaps 
bone. As in nearly all cases a softeuing action, with little 
o alteration of tiasue, precedes the solvent action, those 
agents, end especially the first two, have their uses. Under 
their inluence " a condition is induced tcij favourable to 

L Uie imbibition of water, which afterwards penetrates very 
rapidly, so that, cells swell up and burst," They may be 

I used either with or without heat, and more or lees dilute, 

[ There is one disadvantage attending their use, that objecta 
lan with difficulty be preserved after soaking in them. 
Heat, applied either hy tho aid of hot water or steam, 

I the sand-bath, or a bath of fusible metals, or of melted lend, 
is a very efficient means of softening horny substances, whale- 
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■ bone, &0., and rendering them plaatic. Very thin laminre of 
I tiieie enbBtannes maj also bo procnred hj the emplojmeDt 

■ of B well-aharpencd scraper, each as that need bj cabinet- 
F.nakers. This plan applies more to longitnainal than to 

■ tranHTerae aecUoiiB; yet even the latter may be obtained b; 
I £ziiig the object while eojl in a piece of hard wood, and 
I >OT[tpiDg both together. Ijong contioned slow boiling Boftene 
I jwd erentnall; disintegrates nearly all animal and vegetable 
I UsaneB. Unacolar fibre and many other testares may thns 
L be isolated, Bnch aa spiral veasela, Ac, in vegetables. 

f Prolonged maceration in water, for the preparation of 
anatomical structnrcB, generally bony, la a process too well 
known to need description here. The addition of very 
diloto nitric, bydrochlorio, and acetic acids is mach em< 
ployed for the separation of muscular fibres, both striated 
and smooth. Two or three days are reqnired, or even more, 

Ifaila may be softened very q^nickly b; hot concentrated 
snlphnric acid — or, still better, by liqnor potasste, strength 
aboot 25 to 27 per cent. — so as to shovr isolated and dis- 
tended cella by aolntion of the intercellular Babstance. 

Sones are softened, i.e. decalci&ed, by boiling or, still 
better, by stow maceration in weak eolations of nitric and 
hydrochloric acids, by the action of which the phosphate 
and carbonate of lime may be entirely removed. This pro- 
cess isolates the animal matter, i.e. the OBseine — aometimea 
miscalled gelatine — with all its peculiar fibres and processes. 
But bones may be treated in another way, SO aa to show or 
isolate the bone corpuedes with their processes, by removal 
or destmotion of the intercellular Bnbatance. Though this 
can scarcely be called softening them, yet it may be most 
fitly mentioned here. For this purpose, a Fapin'a digester 
is necessary. When the boiling of bones has been for a long 
time carried on by means of one of these machines, they 
seem to be dissolved ; bat on examination a coarae powder, 
consisting of the isolated corpuscles 

fonnd at the bottom of the vessel, which will amply repGiL 
the trouble of ei 





demetiU, not mwA tarn or meet be ani ef it itn, ^nqii 
that H may ba m w<il to ■&■*• ^e ^chI Mhcate ud 
tests of the ■penal Mvptwoto cf «B t i—, vM it b wpow 
a comet kiH>nI«>dg« »d affnaatim <£ tke degreM and 
differenoea of th- kctuw of tkta^ Oat c&dm hw t n l n g it a l 
resparch must ahieflj d^)cud. 

Albnmen, wb«o pare, ib Dearly iaaohibb in water, whaQj- 
BO nhea coagaUted bj beat. In dilute eanatie al^aU it 
dissolves with facilitj. Solatioa of nltiate of potash, acetic 
and tri-basic phosphoric acide, and pepsine, dissolrc the pur- 
est form of albumen procnred from white of egg. 

Fownefl observes, " that it mast be recaembered that a 
ConsiJerable qoantity of alkali and very minate quantities 
of the mineral acids, prevent coagulation by heat, and that 
the addition of acelic acid, indispensable to the teat by mer- 
cnrj, produces the same effect." 

Fibrins of blood is insoluble in both hot and cold water, 
bat ia partly dissolveJ by long -con tinned boiling. Fresh 
fibrine, netted with concentrated acetic acid, forma after 
some hours a tranaparent jelly, which slowly disBolvca in 
water. Tery dilute canatio alkali dissolveB fibrine oompJetely. 
Phosphoric acid produces a similar effect. Fibrine of flush, 
which is not identical with tliat of blood (Liebig), is soluble 
in cold water cootainin? one-tenth of hydrochloric acid. 

Cuein is only soluble in water in the presence of free 
alkali ID very small qnaDtitieo. It ii pMJf aolable abo ii 
*«Ty dilat« acidi. 
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Gelatin, chondrin, and osseine are the reenlt of the boiling 
of aoimal membraDes, Bkin, tendons, and bones, reBpectivel; 
at a high temperature for a sufficient time. Thej are 
insolable in cold water, but easily disaoked b; the use of 
heat. Alcohol, corrosire evbliniBte in excess, nitrate oi 
mercury, and, most characteristicBllj, tauiuD, precipitate 
gelatine — the latter when it is verj largelj dilated. 

" Skin and teodoDS contain a substance which resists the 
action of boiling water for manj hours, It is insolable in 
cold concentrateJ aoetio acid, but by long-continned boiling 
in it, is gradually diesolved, and more easily in hydrochloric 
add." (Fownea.) 

Homy anbatance — keratin, found in hair, nails, feathera, 
and epithelium, is obtained by finely dividing them, treat- 
ing them with hot water, and afterwards by boiling alcohol 
and ether. The horny substance is then rery soluble in 
caustic potash. 

Of bones we have already spoken. 

It has been mentioned elsewhere in this work, that all 
the internal organs of insects may easily he dissolved out by 
boiling in liquor potasite, leaving their external chitinous 
structures, limbs, &c,, unaffected. Bat this is a proceeding 
mach to be deprecated, for various reasons which it is 
scarcely necessary to give here. It is far better to treat 
them in another way, by which these organs may be ex- 
amined in situ, at least to a very great extent, as will 
presently be shown. 

The parenchyma of leaves and many other vegetable 
stntctcres may be decomposed by prolonged macsration in 
water, and then easily bo washed away. Nitric acid, vary- 
ingly diluted, will prodoce the same effect more speedily, the 
objects not requiring the same amoant of bleaching sabse- ~ 
qnentiy. Bot by far the beet and most speedy method is, 
to place them in the lii^uid manore tank of the gardener 
for a sufficiently long maceration. The resolts of this plan 
are exqaisitely beautifol. 



IS PREFAIUIIOH AND UOUKIIHS 

em Division. 
The proper solvents of calcareoaa a.Dimal matters t 
nitrio, hydrochloric, and Bolpharic acids. The earth i 
honeB consists of a combination of two tribaaio phoiphate 
of lime, both of which are entirely soluble in nitrio ai 
hydrochloric acids. Sulphario acid abstracts a part of tl 
lime of bonos, leaving a superphosphate — a sabstanoe mn« 
nsed in sgricaltnre aa a manure. Fluoride of caldu 
existing in email quantity in bones, but in larger in 
enamel of teeth (and of the ganoid scales of fiah P), ia 
composed by sulphuric acid, which combines with the ci 
cinm, allowing the hydrofluoric acid to fly ofi' in a gasea 
state, Oarbonate of lime dissolves in nitric and hydro 
chloric acids. The shells of moUnaca, and testes of echino'^ 
dermata, consisting principally of carbonate of lime, are a 
soluble in the same acids, as well as those of nummuIitM 
foraminifern, Ac, which have been infiltrated with silioeoni 
matter. These present the most beaatifnt " casts," whiolq 
are exactly of the shape of the Saroode body and canal syg^ 
tern, thas enabling their internal organs to be stndied witlil 
mnch accuracy. Dr. Carpenter flays that they are of " won- T 
derful completenssa." 

7th DrviaioN. 

Silica ia nearly altogether insoluble in water, but dissolve! 
freely in strong aikalioe solntions. Its only acid solvsnt isl 
hydrofluoric acid, Ita combinations with a larger pioportioa I 
of alkali are soluble in water, and from such solntiona silica f 
may be precipitated in a gelatinous or colloid form by I 
acids, or separated by dialysis, in the form of colloid silica. I 
This aubatance may be used for procuring certain modifica* I 
tioQS of crystals of salts (or the polariscope, soch as anlphata 1 
of magnesia, sulphate of copper, boracio acid, sulphate of zino, r 
&s. In ita combination with a emaller proportion of alkali, I 
forming glass, it is atfAcIted by hydroQuorio acid and iti ] 
▼aponr, and advantage may be token of thia property to J 
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engrave namea, namberB, &a.f neatly upon slides, for claflsifi- 
oation in tlie cabinet. The glasB to be engraved must I 
coated with an etching ground of oily varaish or wax, an 
the neceBsary writing effected npon it by a point, which 
muat pierce throagh the protectire material. A. shallotr J 
buin, made by bending up the edges of a piece of aheet-lead, 1 
18 then prepared, a little powdered flnor epar placed in it, I 
and enongh snlphurio acid added to form a thin paste. Ths ^ 
glsBs is then placed in any convenient way over' the basin, 
the waxed aide downwards. A gentle heat ia next applied, 
whereby the vaponr of hydroflaaric acid is disengaged. This 
acta upon the glass e:iposed by the point in a very few 
ifiinOteB, removing a portion of its surface. The wai most 
then be removed by turpentine. If the lines wliich reenlt 
are then robbed over nith any coloured vamlBh, and the 
varnieh gently wiped off by a eoft piece of rag, a auffioient 
portion will most probably remain in the etched marks to 
render them easily visible and legible. Of course it will be 
aawell to prepare many slides in this way at once. It is not 
neoessary to coat the whole surface of the slides with the 
proteotive vaniish, if the leaden basin be covered with a 
thin piece of wood or sheet-lead perforated with holea 
slightly larger than the surface to be etched, over which 
holes the slides must be inverted for a. eufEcient time. This J 
latter hint applies more particalarly to finished slides re^nii 
ing to be labelled. 

^K 8th Division . 

^^V7he proper solvents of the fixed oily and fatty mattEm .1 

^Hb ^er, benzole (or benzine), tarpentine, and the essen* 1 

^^filOils generally. Castor oil is nearly the only one which ' 

IB.Bollible in alcohol, the rest being only slightly so. They 

are all capable of saxtonifioatioa with caustic alkalis, and so 

Become indirectly soluble in eoft or distilled watei^ other- 

r) they are wholly insoluble in it. 
ia rolatile or eaflential oils mix in all ptoportHi'M V-i"!!* 
<tt&, and are wholiy soluble in etW aai ^iotimV 
c2 
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Campbor diaaolrea in a onlj verj small proportion 
bat freelj in &1coIid], etliar, and atrong acetic acid. 

Sin Division. 



general ^ 



I is hj DO means ictended to speab bere of tlie general 
properties and uses of polarized light. Cat in relation to 
its special powers in the " difiereatiation " of tieaues, there 
's Tory much to be learned. To be fitted for examination 
by ttiB method, objects must be made more or lesa trans- 
^parent or translucent ; and in effecting thia it is advisable:, 
perhaps necessary, to employ media of high refractive power, 
■ Even when so prepared, it may be further necessary in aome 
cases to employ eelenite or mica films, still more to enhanoe 
their colour. !Not the least indication can be aObrded to the 
' observer as to what colours he ahould employ generally, jet 
a matter of frequent observation that what are called 
" nentral tints " are to be preferred, snoh as result from the 
jndioious use of cnmpound selenite stages adjusted properly 
for that special efleot. 

The media most suitable for the preparation of objects to 
be examined in thia way are glycerine, syrup, tuipentine, 
dammar and benzole — or the latter alone, Canada balsam, 
ftnd the esaential oils. Of course sections mnat be made of 
tisanes otherwise too thick. Of the advantages of employing 
(he first of these we have already epolien ; bnt to these mnst 
be added this important one, that it does not spoil tha object 
for eiamination by other methods, if the glycerine be Boaked 
out by maceration in water; and this is true also of syrup, 
though it is far less nsefnl. For preparation by the other 
methods, tissues mnst have been soaked in alcohol, and then 
removed into the turpentine, &c. 

For the examination of insects by polarized light, two 
preliminaries are necessary. Firstly, that they be made 
transparent or transtncent by prolonged soaking in one of 
(he above-named media, preferably in turpentine or the 
twential oils, or benzole. Secondly, that as in (mostF) 
But; of Uiem their chitinoiiB case ia too deeply coloured ibr 
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any amonnt of soaking to render them Buffioiently trans- 
parent, some bleaching process ehoald he premiBed. A for- 
mnla for such a. process may be found in another part of 
this wort, where the preparation of tlie antenna) of insects 
is described. If that should not prove succeaafnl, somo 
modiGaatioo will easily occur to the student. Of course it 
ia not all insects tint can ho treated in this way, the siia 
and deep colour of very many quite preventing a. good 
reaalt; hnt when they have been Baccessfully prepared by 
any of the methods of which we have apoten, it ia then 
possible to diacriminate their internal organs by the differ- 
ences of colour which they present. The use of the binocular 
microscope, and of objectives of low angnlar aperture, will 
also mnch facilitate this mode of examination, hj increasing 
the depth of focus, and enabling the organs to be seen more 
or leas in connection vrith each other, even if they be super- 
posed. It is also possible to examine the muscles of the 
limbs and bodies of msects, so as to decide upon their forma- 
tion, origin, and insertion, and probable mode of action ; and 
this is only one of many such nses. What a mistake most 
it be, then, to prepare insects for mounting by hoihng in 
liquor potaas^e, and so dissolving out their viscera, and 
squeezing them flat! 

In the case of living insects, especially those of the more 
transparent salt and fresh water species, the results of their 
examination by polarized light are eiqniHitely beantiful and 
hiterestiug, becanso their organs aud circulation may bo 
more clearly discriminated while in motion. 

lOm Divisios, 

Electricity boa been employed in histology partly for its 
electrolytic effects, but chiefly as a means of producing 
certain variations of temperature in objects nnder eiamina- 
tion. Strieker says " that the tissues become altered by it 
as they would be were they subjected to the actio: 
acids or alkalias," and ho describes a rather complicated M 
apparatus for this parpose, of which it is impossible to giT#j 
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an account here; bnt the aathor believes that moat, i 
b11, of the same effeota maj be prodaoed bj the employm 
either of a thict plato of metal placed upon the stage, or a 

' "a water-bath, which may be heated by a spirit o 

Same, after the glaas elide shall have been placed oa 4 

They should both be properly Stted with thermometera. _ 

Of the decompoaition of salts by electricity, and their ]] 
dnction to the metallic state, it ia not necesaary to b_ 
here, but ancb effects are very beantiful, and the reaolti^ 
CTystalization may easily be watched 

Dr. Beale speaks very favoarably of the inverted i 
Bcope devised by Dr. Lawrence Smith, TJ.SJl.., by ' 
olgecta may be viewed from their under instead of from thi 
upper Barface, and at the same time heated (or 
applied to them] without any riek of dimming o: 
the d^ect-glaaa by vapoure thtiH raised. The optical p^ 
fitted to the base that it may be drawn away from b 
neath the stage (to make room for tbe application of t' 
lamp, or) for the sake of changing the powers, 

11th DmsiOM. 

It ia evident that in all these plans au amount of evape 
ration is constantly going on, which will eventually dry a 
Bo spoil the object, unless obviated. Frey, therefore, describe 
moiat chamber" invented by Becklinghaosen for t' " 
purpose. It consists of a glass ring, more or leas hig^ 
which has been cemented by its edge to a broad glass slide.* 
A tnbe of thin rabbor is then firmly fastened abont the rin^. 
The upper end of this tube is also fastened around the tube 
of the mieroacope. In order to keep tbe place thuB ecclosod 
■atnrated with moisture, some small pads of wetted bibnloua 
paper, or pieces of elder pith also aaturated with fluid, are to 
'be enclosed with the object, vrhich in this case need not be 
covered with thin glass in the usual manner. It is eon- 
ttivable also that this apparatus may eaaily be converted 
intoagaa ehambei', by fixing two amaW, W^V ^iAftKO'a«& 
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tabes into tliat wHioh embraces the glass ring and tbe eod 
of the microecope tnbe — one for the entrance, the other for 
the exit of the gas. This is a simpler and less costly plan 
than that derised bj Strieker. Frey observes that it is 
most adrantageoos to nse immeraian len$e9 and the moist 
chamber with the hot stage. 
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Befoeb enteriog into the sabjeot of the setting of Objects 
for the Microscope, the stndeat mnst be convinced of the 
iieoesBity of cleanlineBs in everything relating to the use of 
tbat inBtrnment. In no branch ia this more apparent than 
in tlie preparation of ohjecta; becauBB a elide which would 
be considered perfectly clean when viewed in the ordinary- 
nay is seen to be far otherwise when magnified some han- 
d red 8 of diameters; those coDstant enemies, the floating 
particleH of daat, are everywhere present, and it is only 
by unpleasant experience that ne fully learn what (jeanU 

An object which is to be viewed under the microscope 
must, of course, be supported in some way — this is n 
nsnally done by placing it upon a glass slide, which 
ncconnt of its transparency has a great advantage o 
other subatancea. These " slides " are almost always made i 
of one size, viz., three inches long by one broad, generally 1 
having the edges ground ao as to remove all danger of 1 
scratching or cutting any object with which they may coma ' 
in contact. The glass mast be very good, else the surface 
will always present the appearance of uncleanliness and dust. 
This dusty look is very common amongst the cheaper kinds 
of elides, becanse they are usually made of " aheet " glass ; 
bnt is aeldom found in those of the quality known amongst 
dealers 1 j the name of " patent plate." This latter is more 
eipensive at first, but in the end there ifl little difference in 
the cost, as so many of the cheaper slides cannot be need 
for delicate work if the mounted object ia to be seen in per- 
fectioa. These slides vary considerably in thiokness j care 
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sbould, therefore, ba taken to eort them, ao that the moflfl 
delicate objects with which the higher powera are to bfl 
used may be moTinted upon the thinnest, aa the light enS 
ployed in the illomination ia then leas interfered with, ^tl 
aid the microecopist in this work, a metal circle may be pfcM 
cured, haviiig a number of different sized openings on w^ 
enter edge, by which glaaa elidea can be measured. ThesM 
openings are numbered, and the slidea may be aeparatejH 
according to these nambera ; so that when monnting al^JH 
object there will be no need of a long search for that glaMW 
which ia best anited to it. fl 

When fresh from the dealer'a hands, these slides aril 
generally covered with dast, &e., which may be removed Iflfl 
well waahing in clean rain-water; bnt if the impnrity |H 
obatinato, a little washing aoda may be added, care bein^l 
taken, however, that every trace of tbia ia removed by sub- 
aeqttent watera, otherwise, oryBtals will afterwards form upon. 
the aarface. Sometimes, however, a certain greaaincas ia 
very obstinate upon the glass. It ia then necessary to nae 
a little liqoor potaaase with a email piece of linen, rubbing 
the shde with some preasare, and then washing as before to 
remove alt remaina. A clean Haen cloth shonld ba naed to 
dry the slides, after which they may be laid by for use. 
Immediately, however, before being need for the reception of 
objects by any of the following proceaaea, all dnat must be 
removed by mbbing the surface with clpan wash-leather or 
a piece of cambric, and, if needful, breathing upon it, and 
then oaing the leather or cambric until perfectly dry. Any 
small particlea left upon the aurface may generally be 
removed by blowing gently npon it, taking care to allow no 
damp to remain. A very efficient remedy, also, is a mixture 
of equal parts of sulphuric ether and alcohol, with which 
tbe glass must be rubbed by the aid of a tuft of clean 
cotton-wool until no stain appears after breathing upon it, 
A strong infusion of nutgalls may be used in tbe aamo way, 
and is preferred by many to all other applications; or, a 
mixture of equal parta of alcohol, benzole, and iiq^uor sodea 
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Otplojed, nhich thoroogbl^ and apeedU^ deaacM 
rOtD all traces of grease or balsani. 
"We bare before said that any object to be viewed in t 
microscope must have its sopport; bat if tbis object is k 
-be preseired, caro moat be taken that it is defended it 
dost and other impDrities. For this pnrpoBe it is m 
) transparent corer, tbe most usual at c 
being a plat« of mica, on scconnt of its thinness; this a 
stance is now, however, never used, thin glass bnng s 

ed, wbioh answers admirably. Sometimes it is reqoired 
h> " take up " as little space as possible, owing to the short- 
Ban of foons of the object-glasses. It can be procared-of 
Uj (biokacsa, fivm one-fiiUeth to one-two-hnndred-andq^ 
'Sftietb of an inch. On acconnt of its want of strength, i 
'probable defeat of due annealing, it is difficult to cnt, Bi 
IB Tei7 liable to "J!ij " from the point of the diamond. 
lereroonie this tendency aa mocb as possible, it mast be U 

n & tbioker piece, previonslj made wet witb water, whioi 
MDsea the thin glass to adhere more firmly, and c 
qaentlj to bear the presenre rcqnired in onttiog tbe ci 
Vbe prooeBH of ontting being ao difficnit, especially with th( 
tbinner kinds, little or nothing is gained by cntting thoa 
which can be got from tbe dealers, aa the loss and breataB 
ii neoessarily greater in tbe hands of an amatear. 
Qonvenient. however, to have on band a few larger pieo 
from which nnnenal sins may be cut when required. 

If the pieces required are rectaiigular, no other apparatnal 
will be required save a diamond and a flat role ; bat if | 
ttreUi are wanted, a machine for that pnrpoBe should be 
lued (of which no description ia necessary here). There are, 
however, other coDtrivaQoeB which answer tolerably well. 
One method ia, to out out from a thick piece of cardboard a 
drole rntlier larger than the size wanted. Dr. Carpenter 
nends metal rings with a piece of wire soldered on 
llther side; and this, perhaps, ia the beet, as cardboard is 
Ipt to become rongb at the edge when much used. A friend 
n mine naea thin btaaa plates with oiroles of varioae siut,. 
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" turned " through them, and a emaU raised handle plaot 
at one end. The diamond must be passed ronnd the it 
edge, and bo managed as to meet again in the earn 
order that the circle may be trne, after which it may b 
readily disengaged. The sizes nsnally kept in stock by fJ 
i dealers are one-half, five-eightlis, and three- qnartera i 
i diameter; hat other sizes ma; be had to order. 

For the informatioii of the beginner it may be mention*! 
here that the price of the circles is a little more than tl 
of the tqaares; bat this is modified in some degree by tl 
circles being rather lighter. If appearance, however, i 
cared for at all, the circles look much neater npon the alida 
when not covered with the ornamental papers ; but if then 
last are ased (as will shortly be described) the squares a 
eqaally serviceable. 

Aa before mentioned, the thin glass is made of variotiB 
thicknesses, and the beginner will wish to know which to 
use. For olijeota requiring no higher power than the one- 
jsoh object-glass, the thicker kinds serve well enough ; for 
the half-inch tho medium thicfeneas will be required ; while, 
for higher powers, the thinnest covers must be need. The 
" test-objeota " for the highest powers require to be brought 
so near to the object-glass that the; admit of the very 
thinnest covering only, and are usoaHy mounted betwixt 
glasses which a beginner would not be able to use without 
freqaect breakage ; bat if these objects were mounted with 
the common covers, they would be really worthless with the 
powers which thoy require to show them satisfactorily. 

It may ba desirable to know how such small differences 
as those betwixt the various thin glass covers can be 
meaeured. For this purpose there are two or three sorts ot 
^paratus, all, however, depending apon the same principle. 
Tiie description of one, therefore, will be sufficient. Upon a 
Bmall stand is a short metal lever (aa it may be termed) 
which retorns by a spring to one certain position, where it 
is in contact with a fixed piece of metal. At the other end 
thia lever is connected with a " finger," which mores round 



I dial like tliat of a watcli, whereapon are fignrea at fixed 
. Wben tbe lever ia separated fiom the metal 
lluch is stationarj-, the other end being oonuected with the 
P finger," of the dial, that " finger" is moved in proportion 
othe digtance of the separation. The thin glasa is, tbere- 

e, thmal betviit the end of the lever and filed metal, and 

h piece ia meaanred by the fignrea on the dial In stated 
tnd acoorate degrees. This kind of apparatns, however, is 
Kiexpensive, and wben not at onr command, thin glasa may 
be placed edgewise in the stage forceps, and measured very 
aeeoratelj with the micrometer, or by the calliper eye- 
piece deBoribed by Dr. Matthews in No. 8, for October, 1869, 
of the Jonrnal of the Quekett Microscopical CInb. 

Cleanliness with thin glass is, perhaps, more necessary 
than with the sidea, especially when covering objeeta which 
are to be nsed with a high power ; but it is far mare difficult 
to attain, on acconnt of the liability to breakage. The i 
Uflual method of cleaning these covers ia aa follows : — Tttrafl 
discs of wood, abont two inches in diameter, are procured, a 
one side of each being perfectly flat and covered with clean ■ 
wash'leather, To the other side of these a smalt knob iaj 
firmly fixed as a handle, or where practicable, the wbolafl 
may be made out of a solid piece. In cleaning thin glas^ ■ 
it should be placed betwixt the covered sidea of the discs, I 
and may then be safely robbed with a sufficient pressnre,^ 
and BO cleaned on both sides by the leather. If, however, M 
the glasa be greasy, as is sometimes the case, it must ba ■ 
first washed with a strong eolation of potash, infusion oE ■ 
nutgalls, or any of the commonly used greaae- re moving I 
liquids; and with «oine impurities water, with the addition I 
of a few dropa of strong acid, will be found very uaefal, but I 
this last is not often required, I 

Thia method of duaning thin glaaa ahonld slwaya be nsed | 
by beginners ; but after some experience the hand becomes I 
BO sensitive that tbe above apparatus ia often dispensed ' 
with, and the glosses, however thin, may be safely cleaned 
betwixt the fingera and thumb with ft cambric handkerchief, 
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■ 'liBTiDg first sligbtlj damped the ends of the fingers etn ployed 

■ ilo obtain firm hold. When the dirt is very obatiDate, 
B Ireathing npon the gtaaa greatly facilitates its removal, and 
I the BeoBe of tench becomes so delicate that the breakage ia 
U inconaiderable ; bat this method cannot be recomtaended to 
K soTJces, ae nothing bat time epent in delicate manipolation 
■tean give the Bensitiveneaa required, 

■ It has bees before mentioned that ordioary glasa aidea aro 
M ■ometimea worthlesB, BBpecially for flna ohji'da, from having 
W B roDgh aarface, which preaeots a daaty appearance under 
I the microscope. This imperfection eiists in some thin glass 
W Also, and is irremediable ; eo that it is uaeleas to attempt to 
I cleauae it ; neverthelesa, care shonld be taken not to mistake 
I dirt for thia ronghness, lest good glaas be laid aside for a 
I fanit nhich does nut really belong lo it, 

I When any object which it is desired to moant ia of oon- 
I Biderable thickness, or nill not bear preasare, it is evident 
I that a wall muBt be raised aronnd it to support the thin 
I glass — this is nsnally termed a "cell." There are various 
K description 9 of these, according to the class of objecta they 
I ^are repaired to protect ; and here may be given a description 
I of those nhich are most generally nsed in mounting "dry" 
I objects, leaving those reqnired for the preservation of liquids 
I nntil we come to the consideration of that mode of mounting. 
I Uany have used the following atidea. Two pieces of hard 
I wood of the usual size (3 in, by 1 in,), n&t eiceeding one- 
I'.aiiteenth of an inch in thickness, are taken, and a hole ig 
I .then drilled in the middle of one of these of the size reqnired. 
LTbe two pieces are then nnited by glne or other cement, 
L ftnd left under pressure until thoronghlj dry, when the cell 
Kis fit for Dse. Others anbstitate cardboard for the lower 
[ 'piece of wood, which ia less tedious, and is strong enough 
E£]r every purpose. This class of "celt" ia, of course, fitted 
[■^br opaque objects only where no light is required from 
L'^ow ; and as almost all such are better seen wh«n on a dark 
Lbackground, it is usual to fix a small piece of black paper 
Mt the bottom of the cell upon which to place them. For 
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Mr. Spencer eliglitly modiSea the above, naing woe 
I jawB and wedge, which the following engraving will b 




Many objecta for the microBOope may be aeriausl; injon 
by allowing the fingers to tonoh them — many more are 
minute that they cannot bo removed in this way at all, i 
often it ia Deceeaary to take from a mass of amall grains, i 
in Band, aomo partionlar particle. To aocompliah this, " 
ore two or three eontrivancoa reeommendei : one by n 
of split briatlea, many of which will readily be foand ivp, 
any abaving-bmah when it haa been well naod. The briatT 
when prcaaed upon any Lard snrface, open, and when t 
preeanre is removed close again with a spring ; bat the n 
of these ia limited. Camel-hair peneile are of great servi 
for thia, and many other purpoaea, to the microBcopiat 
~ ' ' ' e sometimea req aired ai 



all the baire, with the exception of o 



<r two finer pointed! 



[ 
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oneB, are ri^moved. A teir of varloue sizes nhoala al>Ta}'!i be 
kept OQ hand, 

Eqaally nccessarj are fiae-pointcd needleH. They are 
very readily pnt up for aae by thrusting- the eye end into 
ft common peobolder, so as to ha drm. The points ma; be 
readily renewed, when injured, on a common whetstone; 
and when out of Dee they may be protected by being thrust 
into a. piece of cork. 

In laying ont animal tiasues that have been stained by 
nitrate of silver or chloride of gold, it is adTisable to employ 
a small rod of glass dratrn oat to a point, as the nse of a 
raetallic point causes a deposit of gold or eilver at the place 
of contact, which disfigures the preparation. 

Knires of variona kinds are required in some branches 
of microscopic work ; bat these will be described where 
dissection, &o., is treated at some length, as also varioas 
forms of seissors. In the most simple objects, bonover, 
soisBora of the usual kind are necessary. Two or three 
sizes should always be kept at hand, sharp and in good 

A set of glass tubes, kept in a case of some sort to 
prevent breakage, should form part of our fittings, and 
be always cleaned immediately after use. These are 
generally from six to ten inches long, and from one-eighth 
to a, quarter of an inch in diameter. One of theae should 
be straight and equal in width at both ends ; one should be 
drawn out gradually to a fine point; another should be 
pointed as the lost, bat slightly curied at the compreaaed 
end, in order to reach points otherwise unattainable. It is 
well to have these tubes of various widths at the points, as 
in some waters the finer would be inevitably stopped, For 
other purposes the fine ones are very useful, especially in 
the transfer of preservative liquids which will come under 
notice in another chapter. 

Forceps are required in almost all microscopic manipn. 
lations, and consequently are scarcely over omitted from the 
microscopic box, even the most meagrely furnished ; but of 



PBBPASIIION AND MOUNTING 

lere are varionB modificationH, wbich for certain 
L pnrpoacB are more conTenient thaa the usual form. 
B-orditiary metal ones are emplojed for taking up Bmalfl 
T objects, thin glaae, &a. ; but when slides are to be held o 
Ks lamp, Qr in aoj poaition where the iiugera cauaot c 
weniently be naed, a different instrament mast be iba 
Of tbese tbere are many kinds; but Mr. Page's noodefl 
Hbroepa eerve the pnrpose very well. Two pieces of elastii 
tmooi are strongly bound together at oce end, so tbat thej 
Vnay be eaaily opened at the other, closing again by thra 
Q elasticity. Through the firat of these pieces is looseM 
assed a brass stud, resembling a small sarew, and fasteneg 
En the second, and throngb the second a similar stnd v 
Htken and fixed in the firat — eo that on pressare of tbe stndn 
e two strips of wood are opened to adroit a slide oi 
[object reqnired to be held in position. The wood strips ara 
generally used three or four inches long, one inch wide, an^l 
abont one-eighth inch thick. 

Again, some objeots when placed npon the glass slide a: 
of such an elastic oatnre that no cement will secure thsf 
thin glass covering antil it beconce hard. Thia difficult 
may be OTeroome by various methods. The following a 
as good and simple as any. Take two pieces of wood abonii^ 
two inches long, three -qnartera wide, and one-quarter thick i^ 
and a small rounded piece one inch long, and one-qnarter io 
diameter i place this latter betwixt the two larger pieces. 
Ocer one end of the two combined pass an india-rnbber 
bond. Thia will gire a continual pressure, and may be 
opened by bringing the tno pieces together at the otheej 
ind) the preaanre may be readily made nniform by paring 9 
the points at the inner aides, and may bo regulated by thai 
strength of the india-rabber band. These bands may be ■ 
L' made cheaply, and of any power, by procuring a piece of4 
L india-rubber tubing of the width required, and catting off ■ 
urtain breadths. Another very simple method of getting^ 
la pressure is mentioned in the "Micrographic Dictionary." 1 
pieces oi irbaJebono of the length leqmel Mft \afi&| 



OP laCBOSCOFIG OBJECTS. 89 

togeilier firmly at eacli end. It is evident that any object 
placed betwixt them will be snbjeot to continaal pressure. 
The power of this may be regulated by the thickness and 
length of the whalebone. This simple contrivance is very 
asefal. 

Almost every scientific man, however, has his own model, 
and it may be as well to examine one or two of the;n. Mr. 
Qoode Qses the following: A, a piece of wood 8 in. long 
and i in. thick. B, a spring made with thin iron wire. 
The end of the spring is driven into the table, as at 0. A 
piece of i-in. iron wire is then run through the springs, which 
forms an axis to work upon, and also keeps them in their 
places. He inserts a pin at the side of the spring, so that 
it will fall on a given spot, and not rub the cover from side 
to side. The springs are made by binding the thin wire 
round the i-in. rod about four or five times. 



40 



PBEPABATION AND HOUNTINO 






WIBB CLl?. 



OF MICBOSCOL'iC OBJECTS. 41 M 

Mr. J. B, SpencEr's model ia made thas: — It 18 formed 
of thin sheet steel (obtainable at anj instrument maker'fl), and 
r- ' jut in one piece, of the form above, with a stout pair of 
BcisBorB, and thcii bent the required shape nilh a pair of 
pliers. When need, the fore and middle fingers are applied 
on the under eide, and the thnmb on the spring. If great 
preaanre is required, two clips may be med, — one at each 
end of the slide,- — and for any delicate ^oik the vitdth of 
.' iihe eteel can be reduced. J 



__!= 
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The Amerioaa wooden Bpring clips are occasionally v 
naefal, and wire clips of the hind described by Dr.Carpente; 
are now commonly sold and are indispensable. 

Common watah-glasBCs should always he kept at hanciri 
■They are certainly the cheapest, and l\ie\t A,^as\a'^%.t«tt'i-) 
''laiea tbem reij oonTenient reaetroiiB \n w'tacV o\Ji6rt» tawj 
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be steeped io any licjuid ; and tliti nse of them ihtos mnc^ 
trouble in eiamining cnrBorily under the miorOBCOpe, whetluill 
the air-bnbbles are expelled from iuBeots, &c. &o. Tbej sn 
readily cleaned, and eerre very well as covers, when tanto^ 
upside down, to protect objects from dast. For this lattat 
pnrpose Dr. Carpenter recommends the use of a number Ol 
bell-glasses, eapeciHllj nhen one objcot mnst he left for s 
time (whioli often happens) in order that another may h^ 
proceeded witb. Wine-glasses, when the legs are brokaoi 
may thns be rendered very naefnl. 

Aa heat is necessary in mounting many obejeota, a latn^ 
will be reqoired. Where gas is nsed, the small lamp kaowa 
as " Bansen's'' is the most convenient and ineipensire. Z| 
gives great beat, is free from smoke, and is readily affixe^ 
to the common gas-bnmer by a few feet of india-rnbbe^ 
tnbing. The light from these lamps is small, bnt this {^ 
little or no drawback to their nse. Where gas is not avBUi; 
able, the common spirit-lamps may be used, as they are vVf 
clean and answer every purpose, 

In applying the required heat to the slides, covers, &a., n 
is necessary in all cases to ensure aniformity, otherwii| 
there is danger of the glass being broken. For this pnrpo>9 
a brass plate at least three inches wide, somewhat longei^ 
and one-eighth of an inch thick mnst be procured. X| 
should then be afGxed to a, stand, so that it may be readi^ 
moved higher or lower, in order that the distance from tluj 
lamp may be changed at will, and thus the degree of haaif 
more easily regulated. This has also the advantage ol 
enabling tho operator to allow his slides, &c., to oool mord 
gradually, which, in some cases, is absolutely necessary,—- 
as in fusing some of the salts, &a. .At 

In order to get rid of air-bubbles, which ace irec[QentIy 
disagreeable enemies to the moanter of objects, an air-pump 
is often very useful. This is made by covering a circulai 
ptata of metal with a betl-glaaa, both of which are ground ad 
finely nt the edges that greasiog the place of coi\tact leadasn 
kfi aSe-tigbL The pniap is then joined to tVe meVai is^ah 
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^^^^ DQJerneatb, and norked with, a Boiall handle like a 

^^^B gjringe, Bj tarning a small milled liead tlie air ma; b? 

^^^1 allowed to re-enter when it 3S required to remo?a the bel!- 

^^^[ gItLBa and eiamine or perform aaj operation npoii the object, 

I " The mode of nsing this instrument will be described bere- 

afler, but it may be here stated that anbatitutes have been 

deTiaed for this naofn! apparatus; but as it is now to be 

obtained at a low cost, it is hardly worth while to consider 

them. Mnoh time is, in maay instances, certainly saved bf 

its nae, as & very long immersion in the liquids would be 

reqnired to espel the bubbles, where the air-pump would 

remove them in an hour. 

The next thing to be conaidered ia what may be termed 
OEMENTa, Bomo of which are necessary in every method of 
monnting objects for the mioroacope. Of these will he given 
the eompoaitioa where it is probable the yonng student can 
use it; but many of them are so universally kept as to be 
obtainable almost anywhere; and when small quantities 
only are required, economy suffers more from home mann- 
faetnre than from paying the maker's profit. 

Amongst these, OASAOi Balsim may, perhaps, be termed 
the most necessary, as it is generally tiaed for the preserva- 
tion of many transparent objeots. It is a thick liquid resin 
of a light amber-colour, whicb ou exposure to the atmosphere 
becomes dry and hard even to hrittlenesa. For this reason 
it is seldom used as a cetnenl alone where the snrface of 
contact is small, as it trould be apt to be displaced by any 
sodden shock, especially when old. In the ordinary method 
of using, however, it serves tho double purpose of preserving 
the object and fixing the thin glass cover; whilst the com- 
paratively large space upon which it lies lessens the risk of 
displacement. By keeping, this substance beoomea thicker; 
bnt a very little warmth will render it liquid enough to use, 
I even when to some extent this change has taken place. 

When heated, however, for some time and allowed to cool, it 
becomes hardened to any degree, nbicti iii«.y \i& -len&Vv^ 
reflated by the leagUi of time it haa Tofcea ei^osei, w^i 



\ 



the amoDDt of heat to which it hna beeu Eubjeoteo^^ 
account of this property it is ofWn used with oliloroforii 
the balsam is exposed to heat until, oa coohiig, it aAHam 
a glassy appearance. This will ba most readily done I 
baking it in what we should call a " cool oven." The tima I 
required will mw^t likelj he 20 or 30 hours. Care must bafl 
lakeo that the heat ia not too great, else tbe balsam will bsl 
illDCDlonrcd. It must then be dissolved in pure cblorolbi 
or ben^lc (the latter is preferable) until it becomes of thftB 
eoneistence of tliiek varnish. This liquid is very c< 
in some caae5, as air-bnbbles are mach more easily dispelled 
than when nndilated Canada balsam is nscd. It also 
readily, as the chloroform evaporates very quickly, for whioi 
reason it must be preserved in a closely -stoppered bottl^ 
It has been said that this mixture becomes ehiid'j with lo^ 
keeping, but I have not found it so in any cases where ] 
have used it, Cloudineaa ia most frequently, if not always 
caused by dampness in the object, as mentioned in Ghaptol' 
jy. Should it, however, become so. a. little heat Tvill geo^ 
rnllj dispel the opacity. The ordinary balsam, if e7q>086" 
uiuch to the air whilst being nsed, becomes thicker, a 
been already stated. It may be reduced to the rec 
consistency with common turpentine ; but I have often found 
ihia in some degree iojurions to the transparency of t 
balsam, and the amalgamatioo of Ihe two by i 
]'erfect. (See also Obapter IV.) Ita cheapness renders il 
00 extravagance to use it always undiluted ; and when pro-V 
served in a bottle with a hollow cover fitting tightly a 
tbe neck, both sorfaces being finely ground, it remai 
for use mooh longer than in the ordinary jar, Canada bati.J 
Bam may now be procured in oollapsible tin tubes, like thosefl 
used by artists ; and ita manipulation is thua rendered muoh I 
more easy, cleanly, and convenient, as well as economical. I 
Chloroform is, however, frequently used for dilution, and ia J 
perhaps the safest solvent we can employ. 

Dahmah Vabnish. — Some complain that this varnish ia*! 
not easily procurable in a pure transparent state. It >sl 
often used by our American friends in mounting diatoniBa 



iae work. It ts rerj liquid, and is ttiongtit b_ 

le more eaaily norlied than Canada balBam. 

RDammac may be easily dissolved in henjole to any eitent. 

The lomps shoold previoasly be scriiped nntil they are freed 

from dust and other impuritiea, and then roughly crushed. 

Aai'HALTDM.— This enbatance ia diseoNed in linaeed oil, 
tarjientioe, or naphtha, and ia oflen termed " Brunanick 
black." It ia easily worked, but ia not generally deemed a 
iraiivtorlhj cement, as after a, time it is readily loosened 
from its ground. It is, bowe7er, very useful for some pur- 
posea (such as " finishing " the slides), as it dries quickly. 
I shall, hoirever, mention a, modiScatiou of this cement a, 
little farther on. 

MtHiNB Gldb. — No cement ia more uaeful or tmstwortby 
for certain purpouea than this. It is made in various pro- 
portions; but one really goad mixture ia — equal parts of 
india-rubber and gnm ahetlac: these are diaaolved in mineral 
napHtba with heat. It is, however, much better to get it 
from the opticians or others who keep it. It requires heat 
in the application, as will be explained in Chapter V. ; bat 
is aoinble in few, if any of the liquids uaedby the microscopiet, 
and for that reason ia aerviccable in the manufacture of 
cells, &a. Where two pieces of glasa are to ho firmly 
cemented together, it ia almoat always employed ; and in all 
glass troogha, plates with ledges, &c., the beginner may find 
examples of its nse. 

Gold SiiiB. — This subitance may always be procured at 
any colonrman's shop. The proceas of its preparation ia 
long and tedious. It is therefore not nocesaary to describe 
it here. Dr. Carpenter says that it is very durable, and 
may be used with almost any preservative liquids, as it is 
acted upon by very few of them, turpentine being its only 
true solvent. If too thin, it may ho exposed for awhile to 
the open air, which by evaporation gradually thickens it. 
Care must be taken, however, not to render it too thick, aa 
it will then he uaeleaa. A small quantity should be kept oi 
hand, aa it ia much more adhesive when old. 

Qnsi DiMMiB Cement.— An excellent ceoiont may ImI 
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muds bj diBaolving gam dammar in L^nzole, and aiU 
about ottB-third of gold aize ; it driea -rerj readily, and ia' 
etpeoiolly asefal when mounting objecU in flaid, taking care 
tbut no moiatQie exteoda beyond tbe covering glass, vrhicli 
would prevent the complete adhesion of tbe CBOient. In 
those cases nbere glycerine is employed as the monnting 
medium, a ring of lic[aid glue pat round the cover firat, and 
when that ie dry, a second coat of gnm dammar will keep 
the cover very secare, and do leakage take place. 

LiQDiD Gltib is another of these cements, which is made 
by disaolring gum shellac in naphtha in snoh quantity that 
it may be of the required consistency. This cement appears 
to me almost worthless in ordinary work, as its adhorence 
can never he relied upon ; but it is so often nsed and recom- 
mended that an enumerotion of cements might be deemed 
incomplete without it. Even when employed simply for 
varnishing tbe outside of the glasB covers, for appearance's 
sake alone, it invariably ohipg. "Where, however, oil is used 
as a preservative liquid, it ser 
thin glass ; but when this 

less liable to chip mnet always be laid npou ib. (See 
Chapter T.) Yet it makes cTcellent cells. 

BiACK Japah, — This ia prepared from oil of turpentine, 
linseed oil, amber, gnm anime, and asphalt. It is troable- 
some to make, and theretbre it is much better to procure it 
at the shops. It ia a really good cement, and aervea veiy 
well to make shallow cells for liquids, as will be described in 
Chapter IV. The finished cell ahould be exposed for a 
short time to the heat of what ia uanally termed a " cool 
oven." This renders it very durable, and many very careful 
manipnlatora nae it for their preparations. 

Electrical Oemist. — This will be found very good for 
some purposes hereinafter described. To make it, melt 
together — 

5 parts of reain. 



i very well to attach the 
oaompliahed, another varnish 
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« used nhilet hot, and as long as it retains even 
alight warmtli can be readilj moulded into any form. It is 
cften employed in making BbalJow cells for lii^iiids, as before 
mentioned. 

Gitii-Wateii is an article whioli nobodj- should ever be 
without; hat labels, or indeed any sabstance, affixed to 
glaa* with common gum, arc eo iiahle to leave it spon- 
taneonsly, especially vthen kfept ^ery dry, that I ha^e Ifitely 
added five or aii drops of glyc«rine to an ounce of the gum . 
solution. This addition has rendered it very trustworthy I 
even on glass, and now I never use it without. Ten graiaa ■ 
of moist sugar to each onooe of gnm solution will also 
answer equally well. This solution cannot he kept long 
without undergoing fermentation, to prevent which the 
addition of a small quantity of any essential oil (as oil of 
oloves, &B.), or one-fonrth of ite volume of alcohol, may be 
[uade, which will not interfere in any way with its use. 

There is what is sometimea termed an extnii adhesive 
i^am-water, which is made with the addition of isinglass, 
thtts :— Dissolve two drachms of isinglasa iu fonr ounces of 
distilled vinegar; add as much gum arable aa will give it 
the required consistency. This will keep very well, but is 
apt to become thinner, when a little more gum may be 
added, -- 

I may here mention that Messrs. Marion have lately 
btonght out a cement for the pnrpose of mounting photo- 
graphs, which is very adhesive, even to glass. I find it 
usefnl in all cases where certainty is requisite; as gummed 
paper ia liable in a dry place to carl from the slideB, aa 
before mentioned. 

AH those, except one or two, are liquid, and must he kept 
in etopperiid bottles, or, at least, as free from the action of . 
the air as possible. I 

'When any two subatancea are to be united firmly, I have I 
termed the medium employed " a cement ;" but oftetv ttv« A 
appearance of the elides is thought to \ie mpTOvoi ^ 
iJi^wing a coloured ring upon faem, eitendlug pait^^- o 
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' and portlj on the slido, Lidiiif; the jaaction of tha tig 

medium naed in these cases I term & Ykasiga, i 

hereinafter neution one or two. Of course, the tenaeitf^ 

not required to be BO perfect as in the comenfs. 

-WiK Tabnish is prepared bj coarsely powder 
sealitig'Wai;, snd adding Bpirite of wine ; it ia then digests 
at a geotle heat to the rcqniccd thioknesa. This ia vaB 
freqnentlj used to finish ths elides, as before taentionfll 
and can easily he made of any colour hy emplojing diSerea' 
kiada of sealing.wai ; but is very liable to chip 
leave the glaas. The beet qualities, however, will be lei 
liable. 

Dlick Vaukish — la readily prepared by adding a sma] 
quantity of lampblack to gold-aizs and mixing intiniatdn 
Dr. Carpenter recommends this as a good finishing t 
drjing quickly and being free from that brittlenesa whio! 
renders some of the others almost worthless; but it ahool 
not bu used in the first process when mounting ohjeots in 
fluid. ^ 

Amongst these difi'erent cements and varniahes I workM 
a long time without coming to any dticieton as to tbeH 
comparatiTe qualities, though making innamerable ezpe^ 
menta. The harder kinda were continually cracking, ana 
the softer postieased but tittle adhesive power. To finfl 
hardness and adbeeireness united was my object, and t' 
following posaessea these qualLtics in a gre^it degree 

India-rubber \ drachm. 

Asphaltnm 4 oz. 

Mineral E aphtha 10 „ 

I Dissolve the india-rubber iu the naphtha, then add thai 
t asphaltnm — if necessary, heat muat be employed. 

Borne scientific frionds bav<! coiut: lained that they havf 
[ beeu unable to dissolve eilher th,' india-rubber or th( 
% asphaltum in mineral naphthr.. TLi frequency with whi^ 
seen this eolution tli^^ JOglil v acoom^AiBtei w ' 
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ma that one of these things haa occnrred — either the india- 
rabber or the aapliBltmn Las Dot been pnre, or the naphtha 
has been wood instead of 7n!neral. In the early plioto- 
graphic days every artist made a form of this varnish to 
use with glaae positives, and 1 never beard a complaint of 
diiEcnIty. 

This is often nscd by pbotogrophera as a blnck varnish 
for glasB, and never craoL-p, whilst it is very adhesive. Dr. 
Carpenter, however, states that his experience baa not been 
favourable to it; bat I have nsed it in great qnantities and 
have never foQiid it to leave the glass in a single instance 
when nsed in the above proportions. The objections to it 
are, however, I think easily explained, when it is knowu 
that there are many kinds of pilch, Ac, from coal, sold by 
the name of asphaltam, some of which are worthless in 
making a microscopic cement. When nsed for this pnrpose, 
the asphaltnm must be genuine and of the best qnality 
that can be boaght. The above mixture nerves a double 
purpose — to unite the cell to tba slide, and also as a "finish- 
ing" Tarnish. Bnt it is perhaps more convenient to have 
two bottles of thia cement, one of which ia thicker than 
common varnish, to nse for uniting the cell, &c. ; the other 
liqnid enough to flow readily, which may be employed as a 
surface varnish in finishing the slides. 

The brnshea or camel-hair pencils should always be 
cleaned after use; but with the asphalt varnish above 
mentioned it is sufficient to wipe off as carefully as possibla 
the soperfiuoufl quantity which adheres to the pencil, aa, 
when again used, the varnish will readily soften it; but, of 
conrae, it will be necessary to keep separate brushes for 
certain purposes. 

Here it may be observed that every object should be 
labelled with name and any other descriptive item as soou 
as mounted. There are many little differences in the 
methods of doing this. Some write with a diamond upon 
the slide itself J bnt this has the disadvantage of being not 
a easily seen. For this reason a small piece of paper ia 
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nsuall; affiled to one end of tlie alide, on wliicli is written 
nhat IB required. These labels may be boaght of different 
colours and designs ; but the most simple are qaite as good, 
and verj readily procured. Take a sheet of thin writing 
paper and brush over one side a strong solntion of gum, 
with the addition of a few drops of glycerioB, or grains of 
moist sugar, as above recommended; allow this to dry, and 
then nith a, common gun-punch stamp out the circles, 
which may be affiled to the ilides by simply damping the 
gammed surface, taking care to write the required name, 
&c., upon it before damping it, or else allowing it to become 
perfectly dry first. 

There is one difficulty which a beginner often experiences 
in sorting and mounting certain epecimens nnder the micro- 
Gcope, viz., the invereioji of the objects ; and it is often 
stated to bs almost impossible to work without an erector. 
But this difficulty booh TanisheB, the young student becoming 
used to working what at first seems in contradiction to his 
sight. 

Let it be understood, that in giving the description of 
those articles which are nsually esteemed necessary in the 
TarioBB parts of microscopic manipulation, I do not mean to 
say that without many of these no work of any valae can 
be done. There are, as all will allow, certain forms of 
apparatus which aid the operator considerably; but the 
cost may be too great for bim, A little thought, however, 
will frequently overcome this difficulty, by enabhog bim to 
make, or got made, for himself, at a comparatively light 
expense, something which will accomplish all he desires. 
As an example of this, a friend of mine made what he terms 
his " nniversal stand," to carry Tarioua condensers, Ac. &c., 
in the following way; — Take a steel or brass wire, threo- 
sixteentha or one-quarter inoh thick and six or eight inches 
long; "tap" into a solid, or make rough and fastec with 
melted lead into a hollow, ball. (The foot of a cabinet 
or work-box anewera the purpose very well.) In the centre 
of a round piece of tough board, three inches in d'ameter, 
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mispherioal cavitj to fit half of tho ball, and bore 
a hole through from the middle of thia cavity, to allow the 
i*ire to paaa. Take another piece of board, aboat four iochea 
in diameter, either round or Bqnare, and one and a half or 
two inches thick, make a aimilnr cavity in its centre to 
reoeive the other half of the ball, but only eo deep aa to 
allow the ball to fit tightly when the two pieces of hoard 
are screwed together, which laat operation must be done with 
three or fonr screws. Let the hole for the wire in the apper 
part be made conical (base upwards), and so large as only 
to prevent the hall from escaping from its soolcet, in order 
that the shaft may move aboat as freely as possible. Tarn 
a cavity, or make holes, in the bottom of the nnder piece, 
and fill with lead to give weight and steadiness. Thi^i, 
painted green bronze and varnished, loots neat; and by 
having pieces of gntta-percha tubing to fit the shaft, a great 
variety of apparatns may ba attached to it. 

Mr. Loy employs the following arrangement for dissecting 
insects or picking out Foraminifera, &c. -. he fits an npright 
brass rod into a heavy leaden, foot, this rod carries a hori- 
sontal arm bearing at its end a ring for holding a watch- 
maker's eye-glass ; in focnsaing it to his work, he presses 
the eye-glasB down with his head, the weight of the leaden 
foot keeping it in its place, and allowing it to follow his 
every movement. 

Again, a "condenser" ia often reqnired for the itlnmina- 
Uon of opaque objeote. My ingenious friend uses an 
"engraver's bottle" {price fid.), fills it with water, and 
suspends it betwiit the light and the object. Where tho 
light is very yellow, he tints the water with indigo, and so 
removes the objectionable colour. 

I merely mention these aa eiamples of what may ba 
done by a little thonghtfnl contrivance, and to remove tb« 
Idea that nothing is of much value save that which is the 
work of professional workmen, and consequently ecfjen v 
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to PHEPAEE ASD MOUKT OBJECTS " Dm, 

'I'uE term " dry" ia need when the object to be monnted is 
not immeracd ia &nj hqaid or inediuni, hub preserved in its 
natural state, anlcse It requires cleaning acd drying. 

I have before stated that thorough cleanhueBB is neoeasary 
in the moanting of all microscopic oLjocta. I may here add 
that almost every bind of anbetance need by the mioroscopist 
snfiers from careless handling. Many luavcs with fine hairs 
are robbed of half their beanty, or the hsira, perhaps, forced 
into totally different shapes and gronpa ; many insects lose 
tlieir scales, which constitute their chief value to the micro- 
ecopist; even glass itself diatinctlj showa the marks of the 
fingers if left nncleaned. Every object must also be 
thoroitgJily dry, otherwise dampneas will arise and become 
condensed in small dropa npon the inner surface of the thin 
glass cover. Tliia defect ie frequently mot with in elides 
Trbich have been mounted quickly ; the objects not being 
thoroughly dry when enclosed in the cell. Many cheap 
slides are thus rendered worthless, Even with every care 
it IB not possible to get rid of thia annoynnce oceaBionally. 
A good plan ia to fix the covers on to the cells temporarily 
bj dropping on two sides of them a composition of eqnal 
parts of wax and reain : this allows of the eaaj removal of 
the cover at any time, while the object thoroughly dries 
and is protected from dust and damage. 

For the parpose of mounting opaque objects " dry " 
dieca were at one time very commonly nsed. These are 
circular pieces of cork, leather, or other soft substance, from 
one^qnarter to half on inch in diameter, blackened with varnish 
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or covered with blact paper, on which the ciljpct ia fixed bj- 
gum 01 Bome other adbesive aabatance. Tbej are Danall; 
pierced Ion gitu>1iii ally by a strong pin, which si>rrca for the 
forceps to lay hold of when being placed under the micro- 
scope for examination. Sometimea objeuta are aSied (o 
both Bidea of the disc, which is readily tnrned when under 
the object-glass. The advantage of this method of moont- 
ing ia the ease with which the diso may be moved, and so 
present every part of the object to the eye, save that by 
nbich it is fastened to the disc. On this acconot it is oflen 
OBed vrhen some particular subject ia undergoing investiga- 
tion, as a nomber of epecimena maybe placed npon the 
diBCS with very little labonr, diaplaying all their parts. But 
where exposure to the atmosphere or small partiolea of da.at 
will injnre an object, no advantage which diaoa may posaesa 
should be considered, and an ordinary covered cell should 
be employed. Small piU-bo.toa have been used, to the bot- 
tom of which a piece of cork baa been gined to aSbrd a 
groand for the pin or other mode of attachment; but this 
IB liable to sotiie of the eamo faults as the disc, and it would 
bo Dnwise to use these for permanent objects. 

UesBTB. Smith and Beck have lately invented, and are 
now making a beautiful small apparatus, by means of 
which the disc supporting the object can be worked with 
littla OT no trouble into any position that may prove most 
convenient, whilst a perforated cylinder servea for the recep- 
tion of the diEDS when out of use, and fits into a case to 
protect them from dost. A pair of forceps is made for the 
flipresB purpose of removing them from the caae and placing 
them in the bolder. 

All dry objects, however, which are to be preserved shonld 
be mounted on glass slides in one of the cells (deacribed in 
Chapter n.) beat saited to them. 'Whei-e the object is to be 
free from pressare, care most be taken that the cell ia deep 
enough to ensure tbia. When the depth required is but 
small, it is often snScient to omit the card, leather, or 
other circles, and with the "turntable" before described by 
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means of a thick yamuli and camel-hair pencil, to form 
ring of the desired depth; but should the vamiBh not be of 
safficient enbstance to give su-ch " tvalla " at oaee, the first 
application may be alioned to dry, and a second made tipon 
iL A nQmber of these maj be prepared at the BBme time, 
and laid by for ase. When liqaids are naed (see Chapter Y.), 
Dr. Carpenter recommends gold-size ae a good varnish 
br the purpose, and this may be osed in diy monntiugs 
also, t have used the asphaltnm and india-rnbber (men- 
tioned in Chapter IL), and foand it to be everything I coald 
wish. The cell«, however, must be thorotighly dry, and when 
they will bear the heat they should be bailed for an hoar al 
least in a tolerably cool oven, by which treatment the latter 
becomes an excellent medium. All dry objects which will 
not bear pressttre mast be firmly fastened to the slide, 
otherwise the necesaary movements often iujare them, 
by destroying the fine bturs, &a. For this purpose thin 
varnishes are often nsed, and. will serve well enough for 
large objects, but many smuller ones are lost by adopting 
this plan, as for a time, which may be deemed long enough 
to harden the varnish, they eihibit no defect, bnt in a wh" 
a " wall " of the plastic gum gathers aronnd them, whi 
refracts the light, and thus leads the student to fa 
conolnsions. In all fiiier work, where it is i 
Qse any method of fixing tbem to the shde, a eolation 
common gum, with the addition of a few drops of glycerine' 
(Chapter II,). will be fonnd to serve the purpose perfeotjf. 
It mast, however, be carefully filtered through blotting-: 
paper, otherwise the minute particles in the solution interfere' 
with the object, giving the shde a dusty appearance when 
under the microscope. 

When moanting an object in any of these cells, the glaa 
mnet be thorongbly cleaned, which may be done with ft, 
cambric handkerchief, after the washing mentioned in Chap- 
ter n. Jf the object he large, the point of a fine camel-hair 
cil should be dipped into the gnm aoVatioD, B.'SLi B.i&\ira^ 
itify of the liqaid deposited in the cell wVeie ^iiii o\iieA 
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n to be placed, bat not to cover a greater surface thai 
object will totally hide from sight. This drop of gum mnsl 
be allowed to dry, which will take a fe^r miautes. Breathe 
then tipos it tmo or three times, holding the slide not far 
from the month, which will render the surface adheflive. 
Then draw a camel-ha,ir pencil through the lipa, so as to 
moisten it slightly (when anything small will adhere to 
it quite firmly enough), toueh the object and place it 
□pon the gum in the desired position. This must he done 
immediately to ensure perfect stability, otherwise the giun 
will become at least partially dry and only retain the object 
imperfectly. 

When, however, the objects are so minute that it would 
be impossible to deposit atoms of gum small enongh for 
each one to cover, a different method of proceeding mnet be 
adopted. In thia case a small portion of the same gum 
solution should be placed upon the slide, and by meanB of 
any small inetrnment^a long needle will serve the purpose 
very well — spread over the surface which will be required. 
The qnantity thae extended will be very small, bat by 
breathing upon it may be prevented drying whilst being 
dispersed. This, like the forementioned, should be then 
allowed to dry; and whilst the objects are being placed on 
the prepared surface, breatliiog npon it as before will restore 
the power of adherence. A small patch of gold-size — or 
gnm dammar aolution which has been allowed to become 
"tackey" — is very nsefnl in many cases. 

When gum or other liquid cement has been used to fi.x 
the objects to the glass, the thin covers must not be applicLi 
until the slide has been tkorouglily dried, ncd all fear of 
dampness arising from the use of the solution done away 
with. Warmth may be safely applied for the purpose, as 
objects fastened by this method are seldom, if ever foond tu 
be looaened by It. As objects are met with of every thick- 
ness, the cells will bo required of diSereiA fc^t-ts. TtLcte 
ia no di&Balty in accommodating outaeXNe* \n. ^vi — 'Oat 
deeper cells may be readily out ont oE tt\wV\e6X\i«,cM^'« 
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other Bobatance preferred (aa mentioiied ia Cbaptijr II.). ^^^ 
CaidbSard ia eaillr crocnred of almost an? thickness : but ■ 



CaidbSard ia eaill/ procnred of almost anj thickoess ; but 
sometimes it is canTectcnt to find a thiDner aubataaoe evea 
than this. When thin gloaa ia laid upon a drop oF any 
liquid opon a elide, every one iiiii^t have observed how 
Teuiiilj the liquid spreads betniit the tiro.' jost BO when 
anj thin varnish is used to sarroond an oViject of little sab- 
Btaoce, exceBsivo care is needed leet tbe varoish should 
eitend betwiit tbe cover and elide, and so render it worth- 
less. The slighteat wall, honever.preTenta thia from taking 
place, so tliat a ring of cammou paper maj be aaed, and 
serve a double porpoae where the objects reqnire no deeper 
cell than thia forms. 

Many objecta, however, are of such tenuity — aa tbe leaves 
of many mosse!', some of tbo Diatomaceto, scales of insects, 
&c. — that no cell is reqnisite excepting that which is neces- 
sarily formed by tbe medium uaed to attach the thin glass 
cover to the slide; and where the elide ia covered by the 
ornamental papers mentioned ia Chapter II., and preasnrs 
does not injure the object, even this ia omitted, the thin 
glass being kept in position by tbe cover ; but slidca mounted 
in this manner are freqnentlj injured by dampness, which 
soon condeoses upon the inner snrfaces and interferes both 
with the object and tho clearness of its appearance. 

The thin glass, then, is to be united to the slide, so aa to 
form a perfect protection from dust, dampnesB, or other 
injurious matter, and yet allow a thoroughly distinct view 
of the object. This is to be done by applying to tbe glass 
alide round the object some adhesive substance, and with the 
forceps placing the thin glass cover (qnite dry and clean) 
npon it. A gentle pressure round the edge will then 
ensure a perfect adhesion, and with ordinary care there will 
be little or no danger of breakage. For thia pnrpoaa gold- 
size is frequently nsed. The aaphalt and india-rubber 
Tamisb also will be found both durable and serviceable. 
"Whatever cement may be nsed, it is well to allow it to 
Ijhecume in boidq meaanre fixed and dried; bat where no 
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is upon llie aliJe, thia is quile necessary, 
oiherwiee the TnmiBb niU be moBt certaiu to eitond, as 
before mentioned, and rain the object. It may be stated 
here that gold-aize differs greatly in its drjiing powers, 

cording to its age, mode of preparation, &c. (Chapter V.) : 
' here gnm dammar aolotion laid on in a verj thin coating 
will be foaail moat iiEeful, as it dries bo rapidlj that it cannot 
ran in nnlefs laid on nith an nnsparing band. 

Sbonid a.Dj abject be enclosed nhich reqnires to be kept 
£at dnring the drying of tbe cement, it will be neceEHarj to 
use some of the contrivances mentioned in Chapter II. 

When the slide ia thus far advanced, there remains the 
finiahing only. Should the etaJcnt, however, have no 
time to complete bis work at once, he may safely leave it at 
this stage until he have a number of alidea which he may 
finish at the same time. There are difiereut methods of 
doing this, aome of which may be here described. 

If ornamental papers &re preferred, a small circle must 
bo cut out from the centre a little lees than the thin glass 
which covers the object. Another piece of coloured paper 
ia made of tbe same size, and a similar circle taken from iin 
centre also, or both may be cut at the same time. Tbe 
slide is then cohered round the edges with paper of any 
piain colour, so that it may ostend about one-eigbth of nn 
inch over the glass on every side. The ornamental paper 
is then pasted on the " object " surface of the glass, so that 
the circle shows tbe abject as nearly in the centre as possible, 
and covers the edges of tbe thin glass. The other coloured 
paper is then affixed underneath with the circle coinciding 
with that above. And here I may observe, that when this 
method is used there is no necessity for the edges of the 
glide to be ground, as all danger of scratching, &e., ia 
obviated by the paper cover. 

Many now use paper covers, about one and a half inch 
long, on the upper side of the slide only, with tbe centre 
cut out as before, with no other purpose than that of 
hiding tbe edge of tbe thin glass where it ia united to the slide. 
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Tho metliod of fioisliiDg, boirerer, wbicb is moatly 
at the preaeot time, is to laj a coating of Tamisb npoa the 
edge of the thin glsHS. and eitend it aome little way on the 
slide. When a black circle is reqoired, nothing serves the 
purpose better than the gold-size and lampbkclc, or the 
asphalt and india-mbber varnish, neither of which is liable 
to chip; bnt when ased for this, the latter shoald be rather 
tbinner, as before advised. Some of these varoishea are 
preferred of different colours, which may be made by using 
tho different kinds of Bealing-wai.aa dasBribedin Chapter II.; 
bnt thoy are always bablo to tbe defects there mentioned. 
This circle cannot be made in any other way than by one of 
those contrivances called tnmtableB. A very little practice 
will enable the jonng stndent to place his slide so that the 
circle may be nniform with the edge of the tbin glass. 

The slide is now complete, except tho addition of the 
name and any other particolara which may be desirable. 
For this pDrpoEe one of the methods described in Chapter XI. 
moat bo employed. 

Amongst the Tarioas classes of microscopic objects now 
receiving general attention, the Diatomacece may be placed 
in a prominent position. They afford endless opportunities 
of research, and some very elaborate works have already 
been issned concerning them. Professor Smith's may be 
mentioned as one containing, perhaps, the best illustratiosB, 
The yonng student may wish to know what a diatom is. 
The " Micrographic Dictionary " gives the following defi- 
nition : — " A family of cocfervoid Algie, of very peonliar 
character, consisting of microsoopio brittle org an is ma." 
They are now looked upon by almost all of our scientific 
men as belonging to the vegetable kingdom, thongh some 
few still assign them to the animal. Tbcy are almost 
invariably so eiccedingly small, tbat the nnaided eje can 
perceive nothing on a prepared slide of these orgenisioB but 
minute dast. Each separate portion, which is usually 



Iminuifi uuHt. fiauu stparate poriion, wnicn is unuuiiy seen 
when mounted, is termed a "frnstule," or "testnlu:" this 
consists of two similar parts, composed of silica, between and 
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^-Hmetimea orootid nhich, is a mass of viscid matter called 

■:ttie " endochrome." Tiiey are found la almost every deacrip- 

1 of water, according to the variety ; some prefer aea- 

Iwater, others fresh, and many are seen nowhere bat in that 

prhich ia a iniitiire of both, as the months of rivers, ito. 

Ditohea, ponda, cieternB, and indeed almoat everj retmvoW, 

ield abnndance of theBe forma. They are not, however, 

nifined to "present" life; bat, owing to the almost in- 

«atrnctible natnre of their eiliceona covering, they are 

a a foHsil state in certain eartha in great abnndence, 

md are often termed " fossil Infasoria." Upon these frua- 

generally to be seen lines, or markings, of 

' different degrees of minntenesa, the delicacy of which oflea 

fervflB the purpose of testing the defining power of object- 

r glasses. Some of the frastnlea are triangular, others circular, 

'' Uid. indeed, of almoat every oonoeivable shape, many of 

iiem preeenting na nith eiquieitely beantiful designs. 

The markings, however, are seldom aeen well, if at all, 
lutil the fi:a9tales are properly prepared, the different 
thoda of aCDOmpliBliing nhioh will be giren a liltle 
theiou. 

The aolledion of fresh diatoma ia bo closely connected 
iHtii their jiresenja (ion, that a few notes may be given npon 
It before we poas on. For this purpose a number of small 
bottles must be provided, which may be placed in a fin boi, 
irith a separate compartment for each, so that all chance of 
* breakage may be done away with, Tbu diatoms are generally 
of a light brown colour; and where they are observed in the 
water, the bottle may be so placed, with the month closed 
by the finger, that when the finger is withdrawn the water 
will rash in, carrying the diatomB also. If they are seen 
upon plants, atones, or any other snbatance, they may 
generally be detached and placed in the bottle. When 
there ia a green covering upon the surface of the water, a 
great qoantity of diatoms is nsnally fannd amongst it; as 
also upon the snrface of the mud in those ponds where they 
abound. In these cases, a broad flat spoon will be found 
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verj useful, and one ia now made with a covering upon 
broader portion of it to protect the enclosed matter from 
being so readily carried off whilst briagiDg it to the surface 
again. Where there ia any depth of water, and the spoon 
will not reacb the Gnrface of the mud, the bottle mnst be 
tinitecl to a long rod, and being then carried throngh the 
npper portion with the mouth downwards, no water will be 
received into it ; but on reaching the spot required, the 
bottle-month maj be tamed ap, and thus becotae filled with 
what is nearest. 

From the stomachs of cooinion fish — as tbe cod, sole, had* 
dock-, &c, — many specimen? of Diatomaoete may be obtained, 
but especially from the crab, ojater, mas^l, and other shell- 
fish. Professor Smith states that from these curious recep- 
tacles he baa taken some with which he has not elsewhere 
met To remove thf m. from any of the small shell-fish, it ia 
necessary to take the fish or stomach from the shell, and 
immerse it in strong hot acid (nitric is the best) until the 
animal matter is dissolved, when the residne must be 
washed and treated as the ordinary Diatomace!» hereinafter 
described. 

Many diatoms are seen best when mounted in a dry 
state, the miunte markings becoming mnch more indistinct 
if immereed ia liquid or balsam ; and for this reason, those 
which are used as teat objects are nsnally mounted dry. 
Many kinds are also non prepa^red in this way as opaque 
objects, to be examined with the lieberkuhn, and are ei- 
quisitely beautifd. Others, however, are almost invariably 
moutited in batsamj but as these will be again referred to 
in Chapter IV., and require the same treatment to fit them 
for the slide, it will not bo out of place to describe the 
cleaning and preparation of them here. As before stated, 
there is much matter surrounding them which must be 
got rid of befure the eiliceous covering cau be shown 
perfectly. A^, however, we may first wish to become 
ocqnainted in some decree with what we have to do, it ia 
well to take a small piccu of (aid, and place a few of Uie 
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diatoms upon it. Tliis inaj be hcM over tlie flnme of the 
epirit-tamp antil all tbe sairoDttding matter is burnt a^xaj, 
and a tolerable idea maj tbua be obtained oa to tlie quality 
□f our treaBore. 

In some cases it is well to ose thia bnruiog operation 
alone in mminliny Bpecimena of diatomB, when they may be 
placed in their natural Btate npon tliin glass, bamt for 
awhile npon the platinnoi plate, hereinafter described, and 
mounted dry or in balsam. 

In the preparation and cleaning of Diatomaceje, there i< 
little satif^BCtion nnlesa these operations have been sncceas^ 
fully performed, as a very small portion of foreign watl 
seriously interferes with the object. The mode of prepari 
them varies even amongat the most experienced, 
fbnnd, therefore, moat satiafactory to examine the priaci] 
'of these separately, although it may be at the risk of some" 
little repetition. 

The method which is most frequently employed ia the 
following : — Place the gathering containing the Diato- 
maccs in a email glsBS or porcelain vessel, add strong 
nitric acid, and, by the aid of a Bnnsen's burner or spirit- 
lamp, boil for aome mioutes. From time to time a drop of 
the mixture may be pat upon a slide, and examined under 
the microscope to see if all foreign matter be got rid of. 
When the vukes are clean, the vessel containing them must 
be filled with water, and the ivholc left for an hour or two, 
BO that all the diatoms may settle peifeotly. The liquid 
ranst then be poured off carefully, or drained away by the 
aid of a sjphon, ao that none of the diatoms are removed 
with it. ladeed, it is well to examine the liquid drained off 
each time with the microeccpe, as the liner forms arc 
frequently lost iu the washiogs. The vessel must then be 
refilled with pure water, aliowed to settle, and drained as 
before. This washing must be repeated nntil a drop being 
placed upon a slide and evaporated leaves no crystals. 
When it is deairable to picaerve the diatoms in this state 
before mounting (which process will be described in another 
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place), they may be placed in a small phial with a little 
distilled water. 

There are many cases in which the above method will not 
effect a perfect oleaoaiDg, as certain eabBtances with which 
diatoms are freqncBtly mixed are not solable in nilrie aeid. 
For thig reason the following method is resorted to : — Take 
a quantity of the matter containing the Diatomaceia and 
wash first with pare water, to get rid of all the impnritiea 
possible. Allow this to settle perfectly and decant the 
water. Add hydroclilorio acid gradnally, and when all 
efferveBooBce has sobsided, boil for Home minntes by aid of 
the lamp. When cool and the particles have aubsided, 
decant ibe hydrochloric and add nitric acid. The boiling 
mast then be repeated nntil a drop of tho liqnid when 
placed under the microscope shows the valves or " fmstnles " 
clean. After allowing the diatoms to settle, the acid most 
be decanted, and pure water snbstitoted. The washing 
mnst be repeated as in the former process nntil all the 
remains of crystals or acid are removed, when the specimens 
may be preserved in small phials. 

Sach ore the nsnal modes of treating the Diatomacee, 
bnt there are certain cases in which partionlar metbods are 
required to give anything like perfect resnlts. Persons of 
great experience combine a variety of treatments, and thus 
obtain better and more uniform specimens. Perhaps it will 
be advantageons to give the jonng stadent the process 
adopted by one of the most snccesafnl preparers of these 
objects; bnt I will first state the different methods of 
mounting the cleaned diatoms dry : bow to employ Canada 
boUam and flnid in their preservation will be elsenhera 
described. 

It was before -stated that diatoms when cleansed might 
be preserved in small phials of distilled water. When re- 
qnired for monnting, shake the phial, and with a thin glass 
tnbe or rod take up a drop of the fluid and spread it upon 
the snrface of the slide in the desired position. This most 
Aon be allowed to dry gradnally, or by the aid of the lamp 
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if neceseaty, nithont being ahftken or interfered with, other- 
wiae uniformity of disperaioa will be prevented. Whau 
tkorovghhj dry, a tbis ring of one of the adhesive Tarnishea 
— gold-size will be found aa good as any — may be drawn 
round the diatoms, and allowed to dry in a slight degree. 
The slide and thin. glsBB cover ahonld then be warmed and 
the latter gently pressed upon the ring of varnish until the 
adhesion all round u complete. 

Ab Home of the diatoms require obj'eot-g! asses of extremely 
high power, and conseqaently short focus, to show them, 
they most he as close to the onter anrface of the cover as 
possible. For this reason they are sometimes placed upon 
the nnder side of the thin glass, as fallows. Clean the 
surfaces of the slide and cover, and with the rod or pipe 
place the liqnid containing the diatoms upon the thin glas^i, 
and dry as before. Trace the ring to receive the cover upon 
the slide, and when almost dry, warm both and proceed as 
above. Whichever of these methods is employed, the outer 
ring of coloured vamlah may he applied aa elsewhere described 
and the slide finished. 

Diatome are aUo sometimes mounted betwixt two thin 
glasses, as described in Chapter II., so that the light by 
which they are examined may receive as httle ioterference as 
possible, and that an achromatic condenser may be brongbt 
into focus under the slide. 

Of the various modes of cleaning and mounting Diato- 
macete, I believe that the following may he safely recom- 
mended, as afibrding results of the best qnality, My friend, 
Mr. T. G. Rylands, gave it to me as that which he prefers, 
and I cau safely say that his numerous slides are at least 
equal to any I have ever seen. I will give it jost as I 
received it from him, though there may be some little 
repetition of what has been said elsewhere, as he does not 
appropriate any part of it as his own. He says ; — In this 
branch of mounting, general rules alone can be laid down, 
becanse the gatherings may contain iron, lime, fine silt, or 
vegetable matter under conditions for special treatment, and 
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' coneequontly the first step should be to experiment on 
TarioQS kinds. 

Id gathering diatoms mncli labonr is eaved by Jodgment 
and care; hence it is deeirable to get acquainted with them 
in their growing condition, so that when recognifled npca - 
the SBud or other spots, the; ma; be carefully removed hf'M 
the aid of the spoon or small tin scoop beforu desortbed. | 
When growing npon algm or other plants, the plants uad 1 
diatoms together ma; be carried home, in which case they^ 
mart be simply drained and not washed or pressed, in ord^4 
that the diatoms be not lost. As it is always desirable td^ 
examine the gathering on the gronnd, a " G&irdner's hanf 1 
microscope" with powers from 80 to 200 diameters will ba 
fonnd very useful. The beet gatherings are those which 
leptosent one species abundantly. Those which are mised 
may be rejected, unless they are seen to eontaio Bomething 
valuable or important, as the object shoold be not so much 
iosupplymicroBOopioBlonriosities as to collect material which | 
is available for the study of natnie. 

The gathering when carried home should always be care- 
fully eiamioed before anything is done with it; not only or 
account of the additional information thas acquired, hat 
also because it often happens that a specimen should be 
moooted in fluid {see Chapter Y.) in the condition in which 
it is gathered, as n'ell as cleaned and mounted in balsam i 

, (Chapter IV.) and dry. J 

"Where the gathering is taken from sand, the whole may j 
be Ebalcen up in water as a preliminary operation, when | 
much of the sand will be separated by its own weight. Tha I 
lime test, however, should be applied ; viz. — a small portion I 
of bjdrochlorin acid, and if there be effervescence, it moat Im I 
disEolved out by this means. From Algse and other weeda I 
diatoms may be detached by agitating the whole together I 
in a weat solution of nitrie acid — about one of pure acid to I 
twenty or thirty of water, as it mnet be aufficiputly weak to I 
free the diatoms without destroying the matter to whiah J 
they adhere. The diatoms may then be eeperated hj \ 
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uiTting ttooagh ooafHO mnBlb, wliicli will fetoin the AJgra, 
Ac. The proceBS of cleaaiag nill varj according to ciicuni- 
itanoea. Some gatherings reqaire to be boiled only a few 
minntea in nitric acid ; bnt tlie more general plan, nbera 
they are miKed with organic or other foreign matter, ia to 
boil Ihem in pure siilphurio acid until tbey cease to grow 
darker in'colour (uanally from a half to one minnte), and then 
to add, drop by drop to avoid eiplosions, a cold saturated 
solution of chlorate of potaeb nntil the colour is digchargod, 
or, in case the colour doea cot disappear, the qnantity of 
the Bolotion naed ia at least equal to that of the acid. 
This operation ia beat performed in a wide-mouthed ordinary 
beaker giass,* a test'tobe being too narrow. The mixture 
whilst boiling abonld be poured iuto thirty times its bnlk of 
cold water, and the whole allowed to aubBide. The Quid 
mnat then be carefully decanted and the veaael re-anpplied 
once or twine with pure water, ao aa to get rid of all the 
acid. The gathering may then be transferred to a email 
boiling-glasB or test-tube, and — the water being carefully 
decanted — boiled in the Bmalleat available quantity of 
nitric acid, and washed aa before. Thia laat proceaa has 
been found neoeaeary from tbe frequent appearance of 
minote crystals, which cannot otherwise be readily dia- 
poaed of without the loae of a considerable proportion of 
diatoms. 

I may here mention that the washing-glasses used by 
Mr. E J lands are atoppered conical botllea varying in 
capacity from two ounoea to one quart ; the conical form 
being employed to prevent the adherence of anything to the 
side : they are atoppered, to render tbem available in the 
shaking process about to be described. 

The gathering, freed from acid, is now put into two iaebes 
depth of water, shaken vigorously for a minute or two, and 
allowed to subside for half an hour, after which the turbid 

* ThflSB gUsaeB are round, about six inches bigb, and usually coutaiu 
about eight ouudu. They nre rather nidsr at the battom, tspcring 
gradually to tbe top, and m&y bo geOBraHy procured at tbe chemintB, Jic. 
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- Said moat ba eanfot^ decuited. This operation mnat be 
rapMlad vntil all the nwtt«r is removed whicb trill not 
s^tla in half as hoar. The fluid remored should be es- 
uninad l^ & drop being put opon a slide, bb in some oases 
Terj light diatoma hsTO been foond to (»me off almost 
pnre is one or more of these earlier washings. The qnan> 
titj of wat«T «nd time of snbaidence given maj be token 
generallj, bat may reqoire to be modified according to 
oircnnistonoea and the jndgment of the operator. By the 
repetition and Taiiation of this prooesa — the shaking being 
the most important part — the gathering, if a pare one, will 
be aafficientl; clean. If, hotrever, it contain a variety of 
■peeiea and forms, it may reqnire to be divided into diff«nrU 



1 



In some oases, honever, it is best to divide the gathering J 
U ajrraltniinar^ operation, nhioh may be done by agitating I 
it in a quantity of wat«r and decanting what does not 
readily subside. The heavier and the lighter jiortions are 
tben to be treated as two eeparate boilings. Bot when tbs 
cleanring haa been carried to the above stage and this j 
division is required, the plan mnat be somewhat as follows : — . J 
The gathering mnst be shaken in a teat-tube with six inabai I 
of water, and then allowed to Enbside nntd one inch at ths 
top remains pure. About three inches are then to be care- 
fully withdrawn by a pipette, when the tnbe may be filled 
up and the operation repeated. Tbe three lower inches also 
may then be decanted and esamined. The gathering is 
thns divided into three portions ; viz. — that which was 
withdrawn by the pipette, that which remained fioating 
in the lower three inches of water in the tube, and 
that which had settled at the bottom. An examination of 
thcBB will inform the ojiorator how to obtain that partionlar 
density of gathering whiob he desires, and how far it is 
worth while to refine this prooesa of elatriation; for in 
ges of necessity any one, or all three, of these densities 
ly be operated npou in the same way to separate a i 
'iaalar diatom. J 
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Aa an occaaional aid, it msy be renarlced, that in eome 
Ciuies liq^Mr ammonias may be used in one of the later 
wasbinga in place of water, as it often aeparatea fine dirt, 
whieh ifl not otherwise easily remo'^ed. Ammonia also dis- 
solveB a fioccnlent matter which sometimes remains; and 
this method does not injure dlaloma like some strong slkalies. 
Some fossil deposits rcqnirG to he treated with a boiling 
Bolntioa of carbonate of soda to disintegrate them; bat 
this operation requires great care, lest the allc&li ebould 
destroj the diatoms. Vegetable silicates also sometimes 
reqnire to be removed by a solution of carbonate of soda; 
bnt as tbe fraslulea of tba diatoms themselves are but 
vegetable »Uioa, even more care is reqnired in this caso. It . 
maj be veil to mention, that some diatoms are eo imperffetly 
ailloeoDB that thejnill not bear £oi7m^in acid at all. Some 
of these may be allowed to stand in cold nitric acid some 
time, whilst others of a smaller and more delicate character 
shonld, when possible, be treated with distilled water 
alone. 

We will DOW consider the mode of mounting the prepared 
diatoms, which, if nsod dry (as described in this chapter), 
should be carefully washed two or three times with the 
pDrest distilled water. In this branch, as in every other, 
each collector gives preference to that method in which he 
is an adept. Thus the diatoms may be placed on the 
under side of the cover, to be as near to the ohject-glass 
HB possible, or npon the slide itself; and each plan has 
its advocates. Whichsoever of these is nsed, nothing seems 
more simple to the novice than a tolerably equal dispersion 
of the objects npon the slide or cover; but this is by no 
means so readily aecomplished ; conseqneutly I give Mr. 
Rylacds' method, as hia sHdes are perfect in this respect 
also. He always places the diatoms upon the thin ({lass 
cover. It is not anf&cient, as is frequently thought, to 
take a drop of liquid containing the cleansed material and 
spread it upon the cover or elide, aa w\t\ioMt some ^ii\\Kwosi. 
pteoaation tbat nniform and regviiaY iiaVtiiiAwi^ 'i'i *^=* 
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fpecimenu, whicb ia deeiraljle, ia not obtained. In order to I 
effect this, let a drop of the cleansed gathering be dilated I 
anfficientlj for the purpose — tow mncb must be determined I 
in enoh caae bj experiment — and let the covers to be 
mounted be cleaned and laid upon the brass plate. (Sea 
Oiiapter n.) By means of a glaaa tnbe, about one-twelfth of 
an inch in diameter, stopped by the wetted finger at th» 
upper end, take up as much of the diluted material o 
form a moderately convex drop extending over the ' 
cover. When all the covers required are thus prepared, 
npply a lamp below the brass plate, and raise the tem- 
perature to a point just short of boiling. By this means 
the covers will be dried in a few minutes, and the specimens 
eqaally distributed over the whole area. The spread of 
the fluid upon the covers is facilitated by breathing npoa 
them J and, to inanre unifonnityj cara must be taken to 
avoid shakiug them whilst drying. The beat plan ia to _ 
mount at least half a dozen at once. I 

Qeforo mountiug, Mr. Bylanda always burcs the diatoma \ 
u|ion the glaaa at a dull red heat, whether they are used 
with balsam or dry. This burning, he says, is not only 
an additional cleaning proeesp. bat it effectually fiiea the 
diatoma, and prevents them flo^Lting ont if muunted with 
balaam. The thinnest covera may be barnt without damage 
if they are placed npon a small piece of platiuum foil of 
the eize required, which should be about one-hundredth of 
an inch thick, perfectly flat, and having three of ita edges 
slightly bent over, so as to prevent its warping with the 
heat. The small flame of a spirit-lamp, or, where there is 
gas, a Bunseu's burner, may be employed. The cover 
should be shaded from direct daylij^ht, that the action of 
the tlame may be observed more perfectly, Care must then 
bo taken to raise the temperature only to the dull red heat 
before mentioned. The cover will then be in a fit state for 
mounting as required. 

It has been stated in another place that it ia aaanmed 
it the operator is not mounting diatoms aimply as m' 
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copio objects, Lut as ingtrnctivc epeciinens. It is not, 
therefore, Bvfficient to take a single slide dh all that is 
required, bat to hare tbe Eame diatom prepared in aa icanj 
ways as poesible. The following are the principal : — 

1. Mounted crude in fluid (see Chapter V.) 

2. Burnt crude upon the cover, and mounted dry or in 

balsam. 

3. Moonted dry or in balsam (eee Chapter IT.), after 

the cleansing process already described. 

I nill here give Mr. Rjjanda' method of mounting them 
dry, the fluid and balsam preparations being Doticed in 
their respective chapters. The slide, with the ring of 
asphalt, or black Tarnish, should have been prepared aome 
weeks previously, in order to allow it to dry thoroughly, 
"When reqaired, it must bo held over the spirit-lamp or 
Bunsen's burner until the ring of varnish is softened. The 
bamt cover, having been heated at the same lime, must 
then be taken in the forceps and pressed upon the softened 
vamleh nntil it adhere all round. When cold, an outer 
ring of asphalt completes the slide. 

Such is the method which my friend Mr. T. G. Bylanda 
employs in the preparation of diatoms for the microscope. 
I have said enough concerning hia results. It is to be 
feared, however, that to some these several modea of opera- 
tion may appear lengthy and complicated ; hut if read 
carefully, and the eiperioients tried, they will bo found to 
be simple enough in practice, and to occupy much less time 
than an. intelligible description would lead the novice to 
believe necessary. 

The niitiuto nature of diatom forms, and the high micros- 
copic powers by which they are eiamined, render a very 
shallow cell necessary when they are moanted upon a dry 
slide. Many early aitempts, on thia account, have been 
mined hy the cement ascd to Si the Ihin cover spreading 
underneath. A correspondent of the " Monthly Jlieroscopic 
Journal " thug gives his mode of avoiding this : — " There ia 
a very simple means of avoiding this danger, and I will 
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^^^.^^_ '9 clothes may en=ue. The aearly decolori 
iUqnld nUBt now be diluted with a considersble quantity oF 
vtili^r, and the deposit allowed to subt-ide, the enpertjataot 
Jifjnid poured off, and the process of heating irith anlpb 
Koiil and iidditicn of chlorate of potash repeated aotil 
lulphurio aoid occasion no further blackening; then 
4lMtning may be finished in the asnal way by noshing." 

I have had many complaints from my friends that v 
mil their care they hnve found nothinj; fit for monntini 
guano. This is readily accounted fur by oae fact, that 
ana sample in twenty of irbat is called guano in the roai 
})tts an atom of gnano in it. Procnre real guano, and y< 
will get real tetnms. 

Tho fossil Infusoria (ae they were formerly called) 
termed Diatomaccto, and are found in various parts of tl 
world ; such an Bermuda earth, Berg-mehl from Norway, " 
deposit from Uonrno Mountain in Ireland, &c. They are 
fbund in immense quantitiua, and afford the microscopist 
innumerable objects. The same treatment as that nsuallj 
employed for tho Diatomaceoo must bo followed with theee 
deposits 1 but as they are Eometimes obtained in hard ma) 
disintegration is first necessary. To effect this, they 
usually boiled for a short time in diluted liquor jiola 
ttliioh will Boon causa the mass to fall into a mod- 
deposit. Water must then be immediately added, in o: 
that all further action of the liii'ior polaeew may be stoppi 
otherwise the objects searched for will he dissoked. I'c 
reason it is neoessary to understand what substance is I 
dealt with, becanao some deposits are much £aer and a 
acted upon more readily than otherB. 

In mounting these objeets, Gome are so delicate that tb 
are almost invisible when balsam is ased with thei 
are therefore usually mounted dry. Others, howi 
much coarser, and may be monnted in balsam like the Dial 
macem mentioned in Chapter IV. 

The common Infusoria cannot be mounted dry with 
great luccees, though a few may be placed upon the gli 






elide and allowed to drj naturally, ivben their obaracteri 
will bo very well Bhawn. To obtain anything like a natural 
appearance, they mnst be pof up in flaid as in Chapter V. 

Next to the Diatomaceie, no class of microecopio objects 
has been more looked into of late than the Foraminifera. 
These animala are almost all marine, having a jelly-like body 
enoloaed in one or more chambers of ahell, which ia generally 
composed of oarbonate of lime. The sheila are made with 
minnte orifice!^, through which the pscudopodia (falae feet) 
are extended by mhioh the animal ia enabled to lay held of 
anything to draw itself along. From the poasession of these 
orifices they derive their na.tne, as faramea means a door or 
opening. They have been fonnd in every depth of sea 
hitherto sonnded, each depth being- abacdart ia certain 
species; the lowest beds containing the greatest number of 
spacimeoa, thongh with loss variation of kinds. In chalk 
they are fonnd in a fossil state, and may readily be shown 
(860 Ohflpter ly.); in limestone and utbcr hard stones they 
are abundant, and some moontaina are composed principally 
of these shells. 

The methods of obtaining Foraminifera are Tflrioiis. Many 
may ha fonnd npon Bcaweods, which slioiild always be ex- 
amined as soon as possible after gathering. They are fonnd 
in massea upon some coasts where the wavea have carried 
and left them ; bat they are to be foand the most abandantly 
in sand or mad dredged from the bottom of the sea. Tliey 
m'lBt, however, be cleaned and separated from the mass of 
impnrity with which Ihey are naaally mixed. This may be 
done in varioaa ways, according to the nature of the accom- 
panying matter. If aand alone, as ia frequently the case, 
the whole mass mnst be ilwrougkly dried, and then stirred 
np in clean water. The aand will soon stibaide by its own 
weight, but the chambers of the Foraroinifcra, being filled 
with air, will float upon the surface, and tnay be Bkimmed 
off. There is, however, one objection to this mode of pro- 
ceeding — some of these objects ate bo mianVe, \.Ve i^^tt^^^^ 
ooDtainmg compurativelj ao smaU & (^ttfta^i^.'j ol iw , 'Ca'a-'k 
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mingled ) the Bolatioo and its coateoia are then poaicd into 1 
a paper filter, placed in a glass funnel ; the capsnie is again'il 
washed with benzole, antil the nhola of the grit^ particles ■ 
are remored into the filter. A nasliiiig-hottle '. 
[ilied with benzole, and the contents of the filter washed to I 
ihe bottom nntil tbe liquid pasft^a off pnre, which may be I 
tested h; placing a drop from the point of the funnel on a4 
»-artn slip of glass or bright platinum, when, if pure, tho I 
benzole will evaporate without residue or tarnish ; if greasa 1 
be present, the wasbing must be continued until the^ a 
free from it. After rineing through iceah acid, or alcohol, 
for final pnrification, the oalcareoQS forma will be ready for 1 
monnting. 

The filter and its contents may be left to dry apontaneonaly, 
when the latter can be examined by the microncope. Sbonld 
tiiuo be on object, rapid drying may be effected by any of 
the neual methods; one of which, reoommended by Hr. 
Dale, is to blon a stream of hot air through a glass tube ' 
held in the flame of a Bunsen's burner. The lower the 
boiling-point of the benzole, the more readily i 
specimena be freed from it. A commoner quality may bo 
used, but it is more difficult to dry aflerwarda. 

Pure benzole Ijeing costly, this may appear an expensive 
piooesB ; but, with the eiception of a trifling loaa by 
cvoporatioa, the whole may be recovered by simple dis- 
lillatioa. The mixture of tallow and benzole being placed 
in ft retort in a hot-water, a steam, or a sand bath, the 
benzole will pass into the receiver, and the tallow o 
impuritiea will remain in the retort. When the whole f 
the benzole has distilled over, which ia ascertained by its 
ceasing to drop from the oondeneer, the heat ia wiihdrann 
uad the retort iiUowed to cool before the addition of froah 
material. Half a dozen to a dozen fillers, each nith its 
epecimcn, can be in process at the same time ; and the dis- 
tillation of the recovered benzole progreasea as qaickiy as 
the filtration, which was practically proved on tie occasion 
named. The process ia very dangerous and great caution 
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is to be UBed la the approach of light to the inQatomabli 
▼apour. 

Arter the Foraminifera and calcareoiiH farms have been 
lemoved, the reHidae may be treated with acids aad leiiga- 
tion ia the OBnal manner, to obtain ailiceous forms and 
disc?, if there be anj present; bnt to facilitate their 
deposition, and to avoid the loss of any minute atoms 
SDspeaded in the waehings, I would suggest the use of 
filtration. The conical filter ia nnsnitable, as the particles 
would spread over too great a surface of paper ; but glass 
tnbea open at both ends (such as broken test-tubsB) will be 
found to answer, the broad end covered with filtering- paper 
and over that a slip of muslin tied on with a thread to 
facilitate the passage of the water and prevent tho rish of 
breokbg the paper. Snapend the tube over a suitable 
vessel throngh a hole cut in thin wood or cardboard, pour 
in the waabings, which can be thus filtered and then dried. 
The cloth must be carefully remOTed, the paper cut round 
the edges of the tnbe, and the diatoms on the paper disc 
may be removed by a camel-hair pencil or otherwise, ready 
for monnting. Thus many objects may be preserved which 
would be either washed away or only be obtained by a more 
tedions process. 

Such is Mr. Dale's method of cleaning the soundings 
from tallow, and as it thoroughly accomplish es its end, and 
is alike effective and not injorious to Foraminifera and dia- 
toms, it maybe safely recommended. The weak solution of 
caustic potash before advised for Foraminifera, mast not be 
nsed where it is desired to preserve the diatoms, as they 
woold certainly be injared, or destroyed altogether, if this 
agent were employed. 

In fixing the Foraminifera upon the slide, no bettor plan 
can be followed than the dry cells and gum recommended 
in the early parts of this chapter. Owing to their thickness 
and composition, most of them are opaiioe objeots only ; but 
they are eiqnisitely beaotiful, and require no particular care, 
except in allowing the cell to be perfectly dry when 
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the ODver ie placed npoa it, or the damp will c 
bscomo condenaeit upon the iouer side, aad the GiamiDati6ii 
aerionsly hindered. 

Many of the Foraminifera require ontting into seotionB if 
it is niehed to examine their internal Htmctnre ; — " deciil- 
cifjing" ia also desirable in some caaeai both of these 
procesaee will be fonnd deacribed at length in the chapter on 
Sections and Dissections. 

When more than one specimen of some particular shell is 
oblained, it is better to place them npon the slide in dif- 
ferent positions, so as to shon as much of the strnctnre aa 
possible, I will conclude this sahject by quoting a paBsa' e 
from T. Bymer Jones : " It is, therefore, by no means anf- 
ficient to treat these ebella as ordinary objects by simply 
Isying them on a glass slide, bo as to see them only from 
one or two x>ointa of view ; they must be oarefnlly examined 
in every direction, for snch ia the diversity of form tb^t 
nothing short of this will be at alt satisfactory. For tbia 
pnrpose, they should bo attached to the point of a fine 
needle, so that they may be turned in any direction, and 
examined by reflected light condensed upon them by means 
of a lena or side reflector. In many of the thick-shelled 
species it will be necessary to grind them down on a hone 
[see Chapter TI.] before the number and arrangement oi 
the internal chambers is discernible; and in order to 
investigate satisfactorily the minutiin of their structure, 
a variety of sections, made in varions waye, is indis- 
pensable." 

A visitor to the seaside may with little trouble procure 
one of the most beantifnl objects which can ornament a 
cabinet. On turning over stones which have been covered 
by the last tide, a very small apeoiee of starfish will oflen be 
met with. From a small circular centre five long arms 
project, each of which is covered with spinea beautifully 
arranged. When found, they shoald be dropped into fresh 
water with a little spirit added. Tliia killa them instantly, 
elee many of their long arms get broken by their struggles. 
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Sj pDtting them into crater tJie arms are rendered, sott anil 
may then be epread in forms best Baited to microsoopic 
alidefl, and thus allowed to dry. They are beantifnlly 
delicate in colour, needing no preparation to bleach them. 
Baring one morning's walk at Llandadno I procured about 
three doxen. 

Plants afford an almoat ineihaustible treasury for the 
inioroEOOpe, and many of them ehotr their beauties beet wlion 
monnted dry. Whetf any of theae ace to be mounted, care , 
mast be taken that they are thoroughly dry, otherwise the 
damp will certainly arise in the cell, and injure the object \ 
asd it may here be mentioned that long after a leaf has 
every appearance of dryness, the interior is still damp, and 
no way can be recommended of getting rid of this by any 
qoicker process than that of keeping them io a warm room, 
aa many leaves, &o., are ntterly spoiled by using a hot iron 
or oUier contrivance. The safest way is to press them 
gently betwixt blotting-paper, which may be removed and 
dried at short intervale ; and though this may appear a 
tedioDB operation, it is a «(t/e one. 

On the surface of leaves, hairs and scales of various and 
-very beaatiful forms are foand, moat of which display their 
beaaties best when removed from the leaf, and used with 
the polarizer. These will ha noticed in another place; bnt 
a portion of the leaf should oJways be prepared in its nataral 
form, to show the arrangement of the hair or scales upon it ; 
and this most almost invariably be mounted dry when used 
for this pnrpose. Many of them require very delicate 
handling. The epidermi$, or, a* it is by some termed, the 
ctdicle, is the outer skin which lies upon the surface of the 
leaves and other parts of moat plants. This is composed of 
cells closely connected, oltea bearing the appearaace of a 
rode network. In many plants, by scraping up the surface 
of the leaf, a thin coating is detached, which may be torn 
off by taking hold of it with forceps. The piece may iHea 
be irasbed and floated opon a glaaa aWie, -wXiexo, wa 4^- 
iag, it will be &rmly fiied, and may asneii^ ^i* TaQ-iwftJ(A 
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dry. Amongst the roost beautiful and eaBily prepared of ' 
these may be mentioned the petal of the geranium, the 
cells of which are well iileline<l ftnd amongst the most 
interesting. 

Sometimes this cuticle is removed by maceration of the 
leaf in. watei or by a qaiclcer method — boiling in nitric acid. 
Perhaps it ivill be as well to give Mr. Arnold's experience. 
" A leaf of a rhododendron which had been dry Dome 
months, and a freshly-gathered leaf of an azalea, were put into 
a test-tnbe, and covered with iindilat«d nitric acid of com- 
merce of, I boUeve, about 1-32 specific gravity ; the tobo was 
held over a spirit-lamp nntil the acid just boiled, and 
the contenta were then thrown into a basin of cold water. 
The caticle of the rhododendron leaf partially separated 
apotilaneanaiy ; that of the azalea came off without the 
least difficulty. The whole operation did not occupy n 
than five minutes. Undoubtedly many leaves, according fe 
their teitnte. will require different strengths of acid, i 
longer or shorter perioda of boiling." 

Closely oonnaflted with the leaves are the ante 
POLLEN, of nhjcfa a great unmber are beautiful and intereatiDg 
subjecta for the micros cop is I: . 

Tbe mallow tribe will furnish some eiquiaite objeot 
beariog the appearance of masses of costly jewels. Th 
are nsnally dried with pressure, but the natural form c 
be more accurately preserved by allowing them to dry i 
they are taken &om tbe flower, with no interference except 
tlioroughly protecting them from all dust. Sometimes t 
anther is divided, bo that tbe cell reqoired to recei 
may be of as little depth as possible. The common malIoi|| 
is a beantifut object, but I think the lavatera is a better, atf 
it shows the poll on ■chambers well, when dried uapresaed. 
The pollen U often set alone, and is well worth the trouble, 
HB it then admits of more close eiamiuation. Often it ia 
ooDTenient to have tbe anihei' and pollen as seen in nature 
OB one elide, and tbe pollen alone npoa anoXW. 'Z\im 
foraer ehoald to t&kta. from the fioweia Wotb VVen ^i^\. 



jUTelopment ia atta^ineJ, us, if orergrcwn, thoj lose much of 
bieir beauty. Somo pollens ure naturally bo dark that it ia 
leceaaaTy to mooot tliem Id Canada balsam or fluid, ae 
loicribed in other places; but they are better mounted dry 
vhen tfaey are cot too opaque. 

Here we may alao mention the beeps of many plants oi 
)BlOBt interesting, and some of tham very beantifnl, objectBii 
Wqturing for the greater part but a low power to show them, 
Jfost of these are to be mounted dry, as opaquB objects, 
oellB suited to them, bat some aro best eoen iu balsam, a 
will be mentioned in Chapter lY. 

The Co*At.ijSM, many of which, are found on almost eve ^ 
coast, afford some very valuable objects for the microscupev 
They must be well washed when first procured, to get rid <f 
all the salts of the sea-water, dried and monnted in celb 
iwp enough to protect them from all danger of pressure 
ftt some of them are exceediagly fragile. The white iioi^ 
appearance whioh aome of them present ia given to them by 
a covering of carbonate of limei and ahoold it hv 
desired to examine the structure of these more closely, ik 
IDaj be accomplished by keeping them for some time i^ 
vinegar or dilute muriatic acid, nhich will remove the limq 
■nd allow of tho sabstanoe being sliced in the same way a^i 
■other AlgiB. (" Micrographic Dictionary," p. 1S3,) 

The ScAiES of Insects.— The fine dost upon tho wingffj 
flf moths and butterflies, which ia so readily removed wbei^ 
they are handled carelessly, is what is called the sealei. To 
these the wing owes the magnificent colours which ao often ■ 
■ ttue seen upon it; every particle being what nay be termed a 
distinct flat feather. How these are placed (somewhat like 
3 upon a roof) may be easily seen in the wing of any 
butterfly, a few being removed to aid the inveatigation. 
Their form is usually that of the battledore with which 
Timon game i« played, but the handle or base of the 
scale ia often short, and the broad part varies iu propor* 
tiosate Jen^tb and breadth in diSerenti B^(nia^n^'&. "^^ 
jaerkingg apon these alea vary, soma bftiiig (coBft^ tQifi^<M«& 
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of lines nisning from ths base to tlie apex, other 
us of network — bead-tike spots only a 
indeed, almost endleea changes are fonad amoogat thenw*! 
Tlieee scales are not confined to butterflies and motbs, nor 
indeed to the tciruje of insecta. The different gnats supply 
Bome most lieantiful flpecimeus, not only from the nings, 
bat also from the proboscis, &a. ; whilst from Btill more 
niaute insects, as the podnra, Gcalee are token which an 
esteemed as a most delicate test. The gorgeous eolamil 
wfaioh the diamond beetles ehow when nnder the microei 
are produced by light reflected from minnte HoaleH i 
which the ineeota are covered. 

Id moantlog these objects for the microscope it ia wel 
have the part of the insect from which the scales aro nanallf 
taken as a separate slide, ao that the natnTa.1 arrangemenl 
of them may be seen. This is caailj accomplished with tM 
wings of bnttorflies, gnata, &c.; as they require no eitrwJ 
ordinary care. Ia mounting the ecalei they may be plao 
npon slides, by passitig the wings over the snrface, c 
gently scraping the wing upoa the slide, when they ranst ba^ 
covered with the thin glass. Of coarse, the eitreme tenoitf J 
of these objects doea away with ths necessity of any oefl' J 
eiceptiog that formed by the gold-size or other cement naedj 
to attach the cover. The acales of the podnra shonid I: 
placed npon the slide in a soiaewhat different n ~ ' 

inaect ia without wings, and ia no longer than the commosl 
flea. It is often fonnd amongst the eawdnst in wine-cellar^ 
continua]]; leaping abont by the aid of its tail, which ii 
beet underneath its body, Dr, Carpenter says : — " Podum 
may be obtained by sprinkling a little oatmeal c 
of black paper near their hannts ; and after leaving it then I 
for a few honrs, removing it carefoliy to a large glazed basin, 
BO that, when they leap from the paper (as they will when 
brooght to the light), they may fall into the basin, and may 
thna separate thomaelves from the meal. The beat way of 
obtaining their scales, is to confino several of them together 
beaeath a vine-glass inverted npoa & ^lece ol %tiq ^rcncjCt^ 
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paper; for the BCbJbs will become detached by their leaps 
against the glass, and nil! fall upon the paper." These 
Boales are removed to the slide, and monnted as those from 
gnatH, £c, Whea the podara has been caught withoat the 
aid of meal, it may be placed npon the slide, nnder a teet< 
tnbo, or by any other node of conSnemont, and thna save 
the trouljle of tranafer from the paper before mentioned- 
Another method ia to seize the insect by the leg mith the 
forceps and drag it aoross the slide, when a enfficient quan- 
tity of Hcales will probably be left upon it, 

Mr. Mclntjra proonres the scales ia the following man- 
ser : — He makes what he terms a breeding-cage, by tahing 
a piece of plate-glasB fonr inches long by two inches wide, 
and orer this places a few sheets of blotting-paper. Upon 
these he lays a sheet of cork about a quarter of an inch 
thick, with a circle ent ont of the centre one inch wide. 
This gives a kind of box, wbich he corers with glass, kept 
firm by two elastic bands. He says: — "After captnring 
the insect by means of a tube and a camel-hair pencil, I let 
it remain for some days in one of the breeding- cages, into 
which I always transfer the newly-oanght podora, nntil it 
has changed its skin ; then I stupefy it with ahloroform, 
and drop it ont on to a tbin glass ooTer (previooely cleaned) 
and with a very clean needle-point roll it backwards and 
forwards npon the cover til! saffieient scales are removed. 
A verij lifflit pressnre ia indispensable, so as not to squeeze 
out any of the insect's fluids." 

Those scales are nsnally raonnted dry ; but Hogg re- 
commends the nse of Canada balsam (Chapter lY.) as ren- 
dering their strnctnre more definite when illuminated with 
Wen}iam's parabolic reflector. Some advise otber methods, 
which will bo mentioned in Chapter V. As moat inserts 
when undissected are mounted in Canada balsam, the dif- 
ferent modes of treatment which they reqnire will be stated 
in another place. 

In moaatinj blood of any kind to aboTi Vne wiT^va&^vt*, 
or, as they are often called, jlobwies, vjVicV at% to"iv(A <^ 
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oral discs, it is bat necesBaTj to cover the slide 
repaired nith a. coating as thin as poBsible and allow it to 
dry before covering with thin glass. There ia a slight con- 
traction in the globnles when dried, bnt not enough to in- 
jure them for the microscope. The shape of these varies in 
different clasEca of animaJs, but the gize varies much morp, 
some being roaoj times larger than others. Perhaps it wilJ 
not be oat of place to sbj a few words concerning the detec- 
tion of blood. Wherever the stains are, they must be care- 
fnlly scraped away and immersed for a few hours in a weak 
solation of bichloride of mercnry. With a thin tube the 
more solid portion may then be removed to a glasii slide and 
examined with a somewhat high power. A slight knowledga 
of the microscopic appearance of blood-discs will show ui 
whether the sospicion of blood is correct. 

Some of the ski as of lanxB arebeautifal objects; but, lik*l 
many sections of animal and other fragile matter, are diffi*-' 
cult to eitead upon the slide. This difficulty is easily 
come by floating the thin object in clear wat«r, immersing' 
the slide, and when the object is evenly spread gently lifting 
it, Allow it then to dry by slightly raising one end of 
the slide to aid the drainage, and cover with thin glass as 
other objects. The tails and fins of many small fish may 
be niOQoted in a similar manner, and are well worth the 
iron We, 

A few objects which are best shown by monnting diy 
may be bore mentioned as a slight guide to the beginner, 
though some of them have been before noticed. Many of 
the Fotamioirera, as elsewhere described. Some cnjitalt are 
•olnble in almost any Buid or balsam, and ahonld be mounted 
tUyi a few, however, dcliqnescq or effloresce, which renders 
|h«m worthless as microscopic objects. 

The wbgB of butterflies, gnats, and moths will afford 
~Miy epocimcns wherewith to supply the cabinet of th 
jnng atnduiit. A great variety of scales also may be fbnnii 
prngtl tliB ferusi indeed, these alone will affiird 

'mt oeeuptUou for ■ long time. 0& Vh* 
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tho leavea are the reservoirB for the sporea, which in many 
instanoea Bocnenbat reaemble green velvet, and are arranged 
in BtripeB, round maaaea, and other forms. The spores are 
iiBQall; CDTered with a thin elctn, wbieh is cnrionsl; marked 
in some speeimens, often very like poUen-graina. The maa- 
ner in. which, these aporea ^th all their accompauinisntH 
are arranged, their changes and developmenta, afford almoat 
endleaa sabjects for stady, different ferns preaenting ua with 
many variationa in thia reapoot totally inviaible withont the 
aid of the microscope. The hyraenophyllnms (of which two 
only belong to England) are particnlarly interesting, and 
the alracture of the leavea when dried makea them beautiful 
objects, often requiring no balsam t« aid their transparency. 
Portiona of the fronds of ferns should bo moanted aa opaque 
objecta, after having been dried between blotting-paper, 
when they are not injured by pressure; but care mnit bo 
taken to gather them at the right time, as they do not show 
their beauty before they are ripe, and if over-ripe the ar- 
rdDgemeat of the spores, &c., is altered. The spores may 
ho mounted as aeparate objecta in the Bams manner aa 
pollen, before mentioned, and are exquisitely beaatiful when 
viewed with a tolerably high power. The number of foreign 
ferns now cultivated in this country haa greatly widened 
the field for research in this direction ; and it may also be 
mentioned that the nnder-sidra of mauy are found to be 
covered with scales of very beautiful forms. A small 
piece of the frond of one of these may be moanted in its 
natural state, but the removal of the scales for examina- 
tion by polarised light will be described in another place. 
The mosses also are quite a little world, reqairing but a low 
power to show their beaatieB. The leaves are of various 
forma, some of which reaemble beautiful net-work ; the 
'■'urBa"or reservoira for the sporea, however, are perhaps 
the moat interesting parts of these objects, as also of the 
liverworts which are cloaely allied to the mosses, These 
urna are generally covered by Viia, ii\rti?i\ ^i& ^ffi 'wNws^ 
the fruit is ripe. At thia period they ate ■wcW'a'^^^'i-^'"**'* 
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miorosaope. The conimoii Bcren-moas 11107 be iband is 
great abandance, and ehowB this denndatiou of the sporee 
TBry perfectly. Maoy of these may be easily dried withgot 
much injoiy, hot they should alfio be examined in their 
natoral state. 

The student sbonld not omit from hia cabinet a leaf of 
the nettle and the allied foreign species, the mystery of 
nhich the microscope will make plain. The hairs or etiDgs 
may also be removed, and viewed with a higher power than 
when on the leaf, being ho transparent as to require no bal- 
sam or other preservative. 

There are few more interesting objects than the raphidea 
or pUnit-cryatala. These are far from being rare, but in J 
some plants they are very minute, and consequently require 1 
care in the mounting, as well as a high magnifying power I 
to render them visible; in others they are so large tha^'l 
about twenty-five of them placed point to point would reach 1 
one inch. Some of these crystals are long and compara* f 
tively very thin, which suggested the name (rapkis 
needle); others are fltar-lito, with long and slender raya; ' 
while others again are of a somewhat similar form, each ray'] 
being solid and short. If the stem of rhubarb, or almoitt J 
any of the hyacinth tribe, be bruised, bo that the juice may4 
fiow upon the slide, in all probabihty some of these crji- 1 
tale will be found in the Said. To obtain them cleaDrr 
tbey must be freed from all vegetable matter by maceration, I 
After this they must be tborongbly washed and mounted \ 
dry. They are also good polarizing objects, giving bril- 
liiuit coloars; but when need for this purpose tbey must 
be mounted as described in Chapter IV. A few plants 
which contain them may be mentioned here. The Cae- 
(aceee are very prolific ; the orchids, geraniams, tulips, and 
the outer coating of the onion, furnish the more unuaaal 

The Fungi are generally looked upon as a very difficult 
I of objects to deal with, but amongst them aome of 
itigt available m&j be found. The {otm« ot meK^ vx« 
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tery beantifal, bnt are sa miuate as to reqaire a high uag- 
niffiog poirer to shorn them. Tbe mould which forms on 
Eoaoy aabstanccs is a fiingas, and in some cases may be 
dried and preBeired in its DBtorol etato. A friend of tuiue 
brought me a rose-bush completely covered nith a white 
blight. Thifl was fonnd to be a fungus, which reqnirad a 
high magnifyiog poncr to show it. Being a very interesting 
object, it waa desirable to preserve it, aud this was perfectly 
effected without iojary to the form by simply drying the 
leaf in a room neualjy occapied. Amoogst the fungi are 
many objects well worth looking for, one of which is the 
IHacluEa elegane. This, the only ipecies, says' the Kicro- 
graphjo Dic^onary, is found in England upon the living 
leaves of the lily-of-the-valley, &e. These little plants grow 
in maieea, reminding one of mould, to a height of a quarter 
of an inch, and each "stem" is covered with a sheath, iti 
shape somewhat like an elongated thimble. When ripe the 
sheath falls off and reveals the same shaped column, made 
Dp of bcantifully fine network, with the epores lyiog here and 
there. This dries well, and ia a good object for the middle 
powers. Amongst the fungi the blights of wheat and of 
other articles of food may be inclnded. Many of them may 
be mounted dry ; others, however, cannot be well pre- 
served except ia liquids, and will be referred to in Chap- 
ter V. When rambling in a wood during the Bnmmer I eat 
down npon the fallen trunk of a tree, and here and there a 
few minute white spots csnght my eye. I took my God- 
dington lens from my side-pocket and applied it to these. 
Jndge of my surprise when I found each white speck a. 
distinctly formed fungns resembling in size and form, to on 
amusing similarity, a disc of the aruohnoidiacus. They were 
already dry, and I mounted them ae ordinary dry objects ; 
and hitherto no change has taken place which I can detect. 
Amongst the zoophytes and aea-mats, commonly callsd 
sea-weeds, may bo found very many interesting objects to 
heinonnted dry. When this mode of pteseiN^tvya \a ^*a^, 
it id necesBarf that all the sea-salt fee iVovoo^Ni ■«a:^'*- 
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from them. As they arc, howeTer, moat ffeqnoDtly monnt»d * 
ia balsam or liqnid, thej nill be more fallj noticed in other 
place.. 

The seaks of fiskei aro generally moonted dry when 
ased aa ordinary objects ; bat for polarized light, balsam or 
liquid must he used, as noticed in Chapter IV. To moont 
a fifih-scale, however, in a. satiifactory manner, oare must ba 
taten that it ia perfectly clean. This cao he accomplished 
only hy carefol washing, ia which prooosa ajft oamijl-hair 
pencila will often be aaeful. When the slime or miicua has 
once dried, it is Tery difficult to remove. Tbo variety and 
beanty of these are quite enrpriaing to the novice. It is 
also very interesting to procure the skin of the fish ivhen 
poBsible, and mount it on a separate slide to show how the 
scales are arrange<j. The aolo is one of tbo most iinosual 
forms, the projecting end of each scale being cohered with 
apinea, which radiate from a common centre, while those at 
the estremity are carried out eomewhat resembling the raya 
of a star. One of the skates has a spine projecting from the 
centre of each scale, which is a very cnrions opaque object, 
especially whea the sbin ia mounted in the manner described. 
The perch, roach, minnow, and others of the common fishes 
give the stniJent good objects for his cabinet, and may bo 
procured withoot difEeolty. The scale of the turbot is a. 
splendid object for the polariacope when moonted ia baleam. 

Insects which are very transparent, or have the " metallic 
Inatro" with which any medium would interfere, are moonted 
dry. The diamond -beetle, before mentioned, ia a splendid 
exainplo of this ; the back is generally used, but the Icga, 
showing the ouriona feet, are very interesting objects. In- 
deed, umongat the legs and feet of insects there is a wide 
field of interest. When they are of a horny natore, itis 
best to diy thent in any form preferred, but to use no 
prosanre; when, however, they are wanted flat, so as to 
show the feet, Ac, eitended, they must be dried with a 
gentle pressure betwiit blotting-papar if poaaible. But this 
will bo treated more fully in Chapter IV. 



The mje» of insects are sometimeH allowed to dry in their 
Datural ghepe, and monnted aa opaque objecta ; bat generallf 
they are aaeJ as tcansparenciea in balsam or liquid, bo the 
deaoription of the treatment whioh they reqniro will be 
deferred to Chapter IV. 

Hairii when not too dark, are eometimes transparent 
enongh wiieu mounted dry, bat are uaaally mounted in. 
balaam. These will be more fully noticed in another place, 
bat there are Bome without which no cabinet ia deemed in 
anywise complete. Many different species of bats, Engliah 
and foreign, present ua with hairs the form of which we 
abonld never have dared to imagine without niioroaeopic 
aid. Other cnrious objeota arc found in the antennie 
of crabs. Ton can also readily know whether you are being 
deceived when jou buy what you deem a. real sealskio or 
Bable. From some of the common caterpillars I have ob- 
tained exquisitely beautiful slides, and a kangaroo ia a true 
friend to an object-gatherer. 

The hair of the ornithorhynchus ia a very curious object, 
having a thin place in the middle of its length, and so pre- 
Benting soraewhat the appearance of a tlail. 

These are a few of the objeota which are often mounted 
dry, hut Bome of tbem shoold be shown in balsam or liquid 
also, and there is much difference of opinion as to tlio best 
way of preserving others. This, however, is explained by 
the fact, that the transparency which balsam gives, inter- 
feres with one property of the object, and yet develops 
another which would have remained invisible if preserved 
dry. The only method of overcoming tliis diEculty is to 
keep the object mounted in both ways, whioh is comparatively 
little trouble. 

I may here mention that many prefer the lieberkubn 
for the illumination of opaqne objeota; and a good bnck- 
gronnd is gained by putting upon the under-side of the 
slide, immediately beneath the objeot, a spot of black varnishj 
which does not interfere materially with the light. 
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OHAPTBK IV. 

UOUNTDIO Qt CANADA BALBAX. 

" TiTB nature and nse of this Bubstance haa been before spolra&fl 
that the method of working with it maj be at onoQ V 
described. 

Perfeat dryneas of the objeota is, if possible, more neof 
Enty in this mode of mounting than hqj other, as dampneBs 
remainiDg ia the object will assuredly canse a clondliieeB to 
make its appearance in a short time after it is fixed. Where 
presenre does not iojare the Bpccimens, thej are moat sac- 
ueBsfally treated when first dried betwiit the leaves of a 
book, or in any other way which may prove most convenient, 
as noticed in Chapter III. 

Eefore describing the methods of proceeding' with par- 
ticular objects, general rales may be given which shoold be 
observed in order to succeed in this branch of mounting. 

As the object ia t« be thoroughly immersed in the baJsftm, 
it ia evident that when it haa ouco been covered, so it mufit 
remain, nnless we again free it by a process hereafter men- 
tioned, which 18 very tronblesome ; and on this acoonnt there 
mnrt be nothing whatever in the balsam except the object. 
The inexperienced may thiok this an nnnecesBary caution J 
but the greatest difficulty he will meet with ia to get rid OE^ 
minate babbles of air, perhaps invisible to the naked ejM 
which appear like small globules when under the mic 
and render the slide unsightly, or even worthless, Bolaai 
dissolved in benzole will be found invaluable in monntin 
without air-btibbles ; if a few are left in the apecimen, 1 
the next morning thoy will have entirely disappeared, 
making this solution the balaam shonld be first boiledl 
gently till on dropping a small quantity into water it ill 
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found to be aa hard an ream, the soflened and warm solution 
msy be now poured ioto a bottle, and when cool the benzoic 
added in sufficient qnantity to make it of a deairablo thick- 
neRH. Ten objects out of eleven contain air, or at leoet aie 
foil of miaato holes which are neoeasarily filled with it ; so 
that if thej ehoald be immersed in anj liqnid of thic]i 
coneietenoj, these cella of air would be Impriaoned, ui.d 
become bubbles. The air, then, mnst be removed, and thi^ 
is nsnallj accomplished b; soaking for some time in tnrpei:- 
tine, the period required diiFering according to the nature oi 
the object. In some cases, tho tarpentine aete upon the 
colour, or even removes it altogether, so that it must be 
watched carefolly. Often, however, this is an advantage, 
KB where tho Etracture alone ia wanteJ, the removal of the 
oolooring matter renders it more transparent. There ar? 
objecte, however, which retain the air with such tenacity 
that soaking alone will not remove it. If these will bear 
heat without being injured, they may be boiled in turpentine, 
or even in balsam, when the air will be partly or totally 
eipelled. Bnt where heat is objectionable, they must bo 
immersed in tbe turpentine, and so sabmitted to the action 
ot the air-pnmp. Even with this aid, sometimes days 
required to accomplish it perfectly, during nhich time tho 
air should be cxhacsted at intervals of five or six hours, ii 
convenient, and the objects turned over now and then, 

Many complaints are made concerning tarpentine, both 
as to its cleanliness and penetrating power. Moat of these 
Bpring from the fact that few substances in the market vary 
BO much as tarpentine in purity i all Horts of rubbish 
sold under this name, and now benzole is employed by many 
in all cases where turpentine alone was once used. 

Sometimes the objects are so minute that it is impossible 
to submit them to aay soaking, and in this case they must 
he laid upon tbe slide at once, and tbe turpentine applied 
to them there. But it mnst not be forgotten that thi 
some few which are much better mounted in such 
that the balsam may thoroughly surronnd, and yet not 
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penetrate, tlie anbstance more tbaa necessary. Secticiua oT* 
teeth are nmongBt those, hat they will he no^oad in another 
place, and Bome ioiiecta (see Dr. Carpenter) when required 
to bIjow the ramificatione of the trachem. 

Having freed the objeot, then, from these two enemies — 
da.mpDe&a and air — ^we novr proceed to mount it. 

Tiia slide must first be cleaned; then on the centro a 
quantity of balsam must ho placed witli a bluntly -pointed 
glass rod, according to the size of the object abont to be 
monnted. To thia a alight heat rauat be applied, which 
will cause any bubbles to rise from the sarface of the slide, 
Eo that they may be readily removed with a needle. Ths 
objeot having been freed from all air by steeping in turpea- 
tine, OS before described, and then from aaperfluouB liquid 
by 11 short drainage, or touch upon blotting-paper, is to be 
carefally laid tipon, or where it is practicable throat inlo, 
tba bulaam j'ost prepared on the slide. In the former 
case, or where the balsam has not totally covered the objeot, 
a amall quantity must ha taken, warmed, and dropped apon 
it, and any bubbles removed by the needle as before. To 
cover this, (ho thin glass must be wai^ned, and beginning 
at one side, allowed to fall upon tlie balaam, driving a 
email " wave " before it, and thus expelling any bnbbleB 
which may remain. This ia quite aa eafely performed (if 
not more bo) by making a aolntion of balsam in turpentiua 
of the coneistency of thick varniah or by the use of chloroform 
and balsam, aa mentioned in Chapter IJ. The thin glass cover 
may be slightly coated with this, and will then be mnch 
less liable to imprison any air, which frequently happens 
when the cover is dry. Bubbles, however, will sometimes 
make their appearance in spite of all care ; but when the 
objoat ia comparatively strong, they may be removed by 
keeping the slide rather warm, and Korlcing the cover a 
little, so as to preaa them to one side, when they should ba 
immediately removed with a needle point, otherwise they 
lire again drawn under. 

Where the slide requires keeping warm for any length of 
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time, a. hot-unxUtr bath is sometimes made nee of, nhicli ie 
Bunplj a flat tin, or other metal case, with a month at the 
ride, that when the hot water is introduced it may ha closed 
up, and so retain its warmth for a long time. An eiet-llent 
bath may he made of an ordinary water-plate — coating 
alout Is, 9d. This may be filled either uith hot water or 
Band, and if to it be added a flat tin cover each aa is nEcd 
in eating-honacB, coating about 6d. — a very effective oven 
for baking ilides is the reanlt. It may bo placed on tha 
bob, or oter or near any soarce of heat. It is eaay to add 
a thermometer if necesaary. In working, the slide is laid 
npon it, and so admits of longer operatiomi, when required, 
•without growing cold. Somotimes a spirit-lamp ia placed 
under it to keep up an equal beat throogb eicessively long 
pTooefwes. Wiere the time required, howevar, ia but Ehort, 
a thick braas plate is sometimea used (see Chapter II.), 
which may be heated to any degree that is required, the slide 
being preyiouBly placed upon it. 

Some objects, which are ao tbin that they are usually 
floated upon the alide, aa before stated, reqnire no steeping 
ill turpentine or other liquid. These are beat mounted by 
covering with a little dUuti'd balsam, and after this has bad 
time to penetrate the sabstance, ordiuary balsam is laid 
upon it, and the slide fiaished ia the nsasl manner. 

I have stated that balsam is nsoally applied to the slide 
and objects with a blnntly-pointed glass rod ; but for the 
purpose of drawing the balsam from the bottle, and convey- 
ing it to the desired place, Dr. Carpenter naes a glass 
syringe with a free opening. These are bia instructions : — 
" This (the syringe) is moat readily £lIod with babam, in 
the first instance, by drawing out the piston, and ponring 
in balsam previously rendered more liqaidby gentle warmth; 
and nothing else is required to enable the operator at any 
time to eipel precisely die amount of balsam be may require, 
than to warm the point of the syringe, if the balsam should 
have hardened in it, and to apply a very gentle beat to the 
syriagc generally, if the piston should not then be readily 



pressed down. Wliea a nuinber of balaam objects aie being 
moaated &t one time, the advantage of this plan in regard 
to facility and cleanliness (no snper&aoaB balsam being 
deposited on the alide) will make itself Bensibly felt," but 
the collapsible metal capsules are certainly the best and 
most eeaily managccl. 

When the moonting has been thus far aooompliahed, 
the onter nail of balsain may be roughly removed after a 
few hoars have elapsed; but great care is necosaary lest 
the cover be moved or disturbed in any way. In this 
state it may be left for the final clcaseing until the balsam 
becomes hard, which takes place sooner or later, according 
to tbe degree of warmth to which it has been eabjected. 
Many advocate baking in a slow oven to aoeelerato this 
drying; but with some objects even this heat would be 
too great, oud generally a mantol-piece, or other place 
about eqnal to it in temperature, is the best suited 
to this purpose ; and when the requisite hardness is 
attained, the slide may bo finished as follows ; — With a 
pointed knife the balsam mast be scraped away, taking cars m 
that the thin glass be not cracked by the point gett' 11 
vnder it. If need carefully, tbe knife will render the alidftl 
almost clean; bnt any minate portions which still adhere ] 
to the glass must be rnbbed with linen dippe;! in turpentine 
or spirit. If the balsam is not very hard, these small 
(ragracnts are readily removed by folding & piece of paper 
tightly in a triangular form with many folds, and damping 
the point with which the glass is rnbbed. As the paper 
becomes worn with the friotioD, the balsam will be carried 
off with it. In some cases I have found this simple ex- 
pedient very nseiul. 

Sometimes the ol^eat t« be raonnted is of such a thick- 
ness as to require a cell. For this purpose glass rings are 
need (as described in Chapter T.), and filled with balsHm. 
The best mode of doing this is thns described by Hr. T. S. 
RaJpb in tbe Microfcopte Jownali — "The question was 
asieti me when I was in England, il 1 \ai6W Taoit ^ Hi. » 
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cbI! with Canada balsam and leavo behind no air-bnblilea ? 
I replied in the negative ; but now I can etate how to 
accomplish tbia. Fill tbe cell with clear spirit of turpentine, 
place the specimen in it, have ready some balsam jast fluid 
enongb to flow out of the bottle when wanned bj tbe band ; 
ponr this on tbe object at one end, and gradnallj inclining 
the slide, allow the spirit of turpentine to flow out on the 
of^osite side of tlie cell till it is foil of baleam; then take 
np tbe cover, and carefully place upon it a small streak of 
Canada balsam from one end to tba other. This, if laid on 
the coll with one edge first, and then gradnaily lon-ered 
until it lies flat, will drive all tbe air before it, and prevent 
any bubbles from being included in tbe cell. It can be 
easily put on so neatly as to require no cleaning when 
dry. If tbe cover bo pressed down too rapidly, the balsam 
wfll flow over it, and reqaire to be cleaned off when 
hardened, for it cannot be done safely while flnid at tbe 

Sometimes with every care bubbles are encIoBed in the 
balsam, injuring objects which are perhaps rare and valuable. 
If the object wiff not be injured by beat, carefully warming 
the slide over a lamp will often set loose and remove these 
pflsts; but should heat be objectionable, or the bubbles too 
closely imprisoned, the whole slide must be immersed in 
turpentine until the cover is removed by the solution of tbo 
balsam; and the object must be cleansed by a similar steep- 
ing. It may then be remounted as if new in the manner 
before described. 

The balsam and ohloroform described in Chapter II. is 
thns used ; and where the obji}ct is thin, the mounting is 
very easily accomplished. When the object is laid upon the 
slide with a piece of glass upon it, and the balsam and 
chloroform placed at the edge of tbe cover, the mixture will 
gradually flow into tbe space betwixt the glasses nntil the 
object is surrounded by it, and the unoccupied portion filled. 
The chloroform will evaporate so qnioWj ttitA ftie csAki A^e 
will bcooine bard jn a very abort lime, ^ten. ^^ ■oi'^ ^* 
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d«aned in the onliuarj w»j. Sometimes tbe 
4iuolved IB the ctiloraform nithoat being Grat 
but this ia onlj to render it more fluid, and so give the 
t^raUir le^ cbauce of lonving bubbles in the finished slide. 
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« difficult is it to get 



110. llt« IhickcT the n 
ni of tlicso intmdi;rs. 

It hoa be«ii before noticed that some have objected to 

cli\orofbrm Mid bateam, believing that it became clcuded 

•Aw a certun time. Perhaps this ma; be accounted foi 

in part bj the fact that almoet all objecti; bare a certain 

WUuunt of dampness in them. Othere are kept in seme 

BRSorvativo hquid aatil the time of mounting, and these 

linnids g^nerall}' contain certain salts (Chapter V.). If 

( tlua daiupneu, as w«U as all traces of these salts, however 

kU, *« iwt totallj remoTed — the former bj drjing, the 

1 kbtar br repMted waahinga — the addition of chloroform 

will miuer tiie balsam ranch more liable to clondiness than 

^ben balaau alone was used. It may safel; be affirmed that 

e will be tbnud in all coses a mote ralnable solvent for 

utadft balum than chloroform. 

This modo of employing the bnlsara, hoitever, nill not be 
'' klmv' applicable, as ehhro/onn acta upon some snbstances 
h'on whieh balsam oIi>n« does not. Some salts are eren solnlle 
b it, tho crystals appearing after a few daja or vreeks, 
vhettas in balsam alone they are quite permanent. 
pvrirnce i" the only gntde in some cases, whilst in others 
little furvlhouglit will bo all that is required. 

The ]i»Tlii'nlBT methods used for certain objects may 
be entered upon. Many of the Diatomaceie and fo 
' XufUMrii, lu they are somotimes termed, are mounted dry, 
I *nd cleaned io the way descril)cd in Chapter HI. Others 
', Kie nlmott always placed in balsam, except where tb^y are 
intonded to Im used with tht> liuberkuhn and dark back- 
ground, by whioli moani iDtno of tlieni are beButlfuUy shown. 
The usnal wny of mountiug thorn in balsam is as follows : — 
Take a drop uf the water ountaiuing them, place it npon 
the slide, and evuporaVo over tho lamp, whilst with a nee-lle 
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tttey may be dieperaed over any space desired. When they 
are thoroughly dry, drop a httle balsam on one aida, 
eidade the bubhlea. The shde may then be warmed to 
snch a degree that the balsam, by lifting the gh 
end, will be carried over the specimena, which may then be 
covered with thin gkaa, made warm as before deacribed. 
Where the objocta are quite dry, and loose upon the glasa, 
it requires grent earn in placing the cover upon thorn, other- 
wise they are forced to one edge, or altogether from under 
it, in the wave of the balaam. For thi<i reason, Profoaaor 
Williamson adds a few drops of gum-water to the iMt 
washing, which causes them to adhere sufficiently to the 
glass to prevent any each miahap. 

Hr. T. Q. Bylands'B method differs in some degree from 
the above, and is, to nso hia own worda, aa follows : — Thick 
balsam is preferable, and the burnt covers (aee Chapter HI.) 
to be mounted are laid in a convenient poaition, with the 
diatoms upwards. The slides required having been care- 
fully cleajied and marked on the under side with a ring of 
ink about half an inch in diameter by tbe aid of a, turntable 
to point out the centre, a drop of benzole is applied by a 
large pin to the diatoms on the cover, so as to exclude the 
air from the valves and fruatules. The slide ia then held 
over the lamp, and when warm, a sufficiently large drop of 
balsam is put upon it, and heated until it begins to steam. 
If small bubbles appear, a puff, of breath removes them, 
The slide being held slightly inclined from the operator, and 
the drop of balsam becoming convei at its lower edge, the 
cover is brought in contact with it at that point, gradually 
laid down, pressed with the forceps, and broaght to ita 
central position. When cool the auperfiooua balaam (if 
any) ia removed with a heated knife-blade, the slide cleaned 
with a little turpentine, and finished by washing in a hand- 
basin with soap and water. In this process there is no 
delay if the balsam be sufficiently thick, as tbe slide may be 
cleaned off almost before it is cold. 

It is DOW well known that from common chalk it is an 
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easy matter to obtain intereatiug BpecimenB of Foramimfera. 
Scrape a email quantitj of cliallc irosi the mass and shcke 
it in water; leave this a feiT misuteB, ponr tlie water awaj 
and add a fresh qnantitj, ahate np ae before, and repeat 
three times. Take a little of the residne, and spread 
it opon the slide, and when qnite dry, add a little turpentine. 
When viewed with a power of two handred and fiitj dia- 
meters, this will generally show tha organisms rery well. 
If it is desired to preserve the slides, they may then be 
mounted in Canada balsam. Mr. Gnyoo, in " Eecreative 
Science," observes that tlie accumulation of the powder, by 
the action of the rain or eipoBnro to the atmospheric action, 
at the foot or any projeotioQ of the chalk clifis, will afibid 
us better specimens than that whioh is scraped, as the 
organiBma are less broken in the former. 

Tnlie a piece of chalk, and with a goft tooth or noU ash, 
brush it nnder water, and then wash the sediment wf till 
the water is not coloured, when the residne will be i ar^ 
all Forominifera. 

The^boTe is the moat simple method of obtaining 'ora- 
minifera from chalk, but is not so satisfactory whi . any 
number of perfect slides is wnnted for the cabinet. ^ shall, 
(lierefore, give additional particnlars from the eiperi. ice of 
good men. But some spocimens of chalk seem tr have 
undergone snch powerful action that no perfect forms are 
found in them. This accounts for that disappoi itment 
which I have now and then lieard expressed. One ftadent 
says, — Take about one ounce of chalk, place it in a 
quart bottle with about a pint of water, shake it, and after 
a few moments ponr off the milky fluid to about one fourth. 
Add more freah water, shake and pour off, waiting longer 
each time for it to settle. Continue ten or twelve times in 
one day, and repeat two or three times a day for a few days, 
and the result will be a sediment entirely composed of 
Foraminifera. If fragments of chalk remain, the bottle has 
not been snfficiently shaken, 

Mr. Sobert/mn uicsB a somewhat diffCTwA TQcUmd. BiceBV 
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a Inmp of fresh chali into pieces not larger than a walnut ; 
then Drnsh, bnt not grind, lest yon destroy the forms, into 
a coarae powder that will pass a. somewhat wide sieve. Tie 
this, as a pudding, in a sto'at piece of calico. Drop into 
water and allow the bnndle to become saturated, and then 
tnead with the hands. This will expel a quantity of milkj 
water. From time to time, after allowing the fluid to drain 
off, the cloth shoald be untied, and retied more closolj to 
the maes ; and when tbe contents are rednced to about one- 
third of their original bnik, all large pieces of chalk, portions 
of Bpines of ecbini, Ac, should bo remoTcd, lest they injnre 
the more delicate forms. Care must be taVen in the 
kn ending when the grefit>er portion of tbe chalk haa 
escaped, and at last the bag only shaken nntil the water 
flows from it almost clear. The whole may then bo trans- 
ferred to a bottle of clear vitLtei and treated as before 
described. The results, Mr. Kohertson says, will be satis- 
fiiotorj, and the chalk must be Tery poor in fossils if 2 lb. 
would not satisfy any microacopic obaerrer. 

When the Foraminifera are of a larger size, thongh trans- 
parent enough to bo mounted in balsam, the air must be 
first expelled from tbe interior, otherwiss tbe objects will be 
altogetiier unsatisfactory. To accomplish this they must 
be immereed in turpentine and submitted to tbe action of 
Ihe air-pamp. So dif&oult ia it to get rid of this enemy, 
that it is often necessary to employ three or four eihaus- 
tians, leaving them for some time under each. When all 
air has giyen place to the turpentine, they mnst bo mounted 
in the ordinary way. 

Of al! objects which are commonly met with, few are aaeh 
general faTonritas as the Polsctstqj^; and deservedly so. 
Their forms are moat beautiful, and often peculiar — stars 
varying in design, others closely resembling crowns ; thii 
Aitromma ArislotelU like a oross, and many whose shapes 
no words could describe. The greater part, perha^iB, q( 
those vfbich are usnally sold, are from Voa tocV-^ -^^-rta A 
Bennada; hat they are also found ra a\ci\7 , wiiq« -^"^ * 
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and America, They are nauallj mounted in balaani. 
I equally beaotirul moanted dry, and cBed with the 
lipberkuhn. Thej require a.s much cars in clcaoiiig ob the 
Diutomacem, but the process ia a different one. SometimeB 
this is effected by sinr.jilj waahing nntil tliey are freed from 
all eitranoouB matter ; but this is aeldoni as efTectual as it 
should be. In the Micj'oscopie JoumoZ Mr. Furlong gives 
the foUoniug method of treatment as the beat he knows : — 
Procure— 

A largo glass vessel with 3 or i qnarla of water. 

New tin saucepan holdiug 1 pint. 

2 tbia precipitating glasses holding 10 oz. eacli. 
Take 3 oz. of drj- Barbadoes earth (Inmps are best), ac. 
break intiD rather small fragments. Put 3 or 4 oz. of uom* 
mon washing soda into the tin and balf fill it with wit'*'. 
Biiil strongly, and having thrown in the earth, boil it 
half an hour. Pour nine-tenths of this into the large gl 
vessel, and gently crash the remaining lunjps with a s 
bristle brush. Add soda and water as before, and boil aga 
then pour off the liquid into the large vessel, and re' 
until nothing of valae remains. Stir the large vessel \ 
an ivory spatula, let it stand for three minntss, and pi 
gently off nine-tenths of the contenta, whan the sheila will 
left, partially freed only, like sand. 

2si> PnocESs. — Put common wasting eoda and water : *- 
the tin as before, and having placed the shells therein, mU 1 
for an hour. Transfer to the large vessel as before, .Jid I 
after allowing it to stand for one minute, pour off. Eaeh 1 
washing brings off a kind of " flock," which seems to be 1 

3eb Pbocbsb. — Pnt the sheila in a precipitating glass aad 
drain off the water until not more than ^ oz. remains. Add 
balf a teaapoonful of bicarbonate of soda, dissolve, and then 
pour in gently 1 oz. of strong sulphuric acid. This liberat.ea 
the " flock," Ac., and leaves the shells beautifully tra 
parent. Wash well now vrith water to get rid of all ei 
and other wdable matter. 
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Some of the large ekeila are dcstrojod by tliia mctliod, 
hat none that are fit for microBoopic nae. An oblique light 
shows these objecta best. 

These are aometimeB treated in tbe manoer ( 
Chapter III , nhcre the diatomB are spoken of, bat many 
forma are liable to be injnred by this aerere process. 

It baa been before etated that some of the zoophytes may 
be mounted dry, and others eiamined aa opaquo or trauB- 
pareot objecta accordiog to their aabataiice. They are very 
interesting when eiamined in the trough whilst living, but 
to preaerTe many of tliem for future eiaminutiou they must 
be mounted in aome preserTatire medium. Sometimes this 
may he one of the liquids mentioned in Chapter V., bat 
if possible they should be kept in balsam, aa there ia Usa 
danger o( injury by accident to this kind of slide. This 
method of mounting piosenta some difficulties, bnt I tliink 
that all agree as to the trustworthiness of Br. Goldiag' 
Bird's information on the subject, which appeared in the 
Mitroscopic Jotirnal. Of this, space forbids me to gi*e more 
than a condensed account, but I hope to omit nothing of 
moment to the readier for whom these pagea are written. 

After stating that there are few who are not familiar 
with theae exquisite forms, and have not regretted the great 
loss of beaaty they anatain in drying, he informs us that 
from their so obstinately retaining air iu tbe cella and tubes 
when dried, it ia hardly practicable to get rid of it ; aod they 
also shrivel tip very seriously in the proceaa of drying. 
foUowiug plan, howeTCr, he haa found almost faulth 
their preparation. 

To preserve them with eitended tentacles, they e 
he plunged in cold fresh water, wliich kills them so qnickly 
that theao are not often rttracled.* The apecimene alioulj 
be prefervi'J in apirit until there ia leisnie to prepare them 

I staled IhBt tho best BiBthod o[ killiiK toophiiU* i* ^a 
bol, French liraiiilj, or twniole luka Itie s^t'nBlLeiut'n'a'^ 
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H, however, they have been dried, tliej sHoald be Boaked ii 
cold nater for a day or tiro baiore being Bobmitted to the 
following proceaaea : — 

1. After Belectuig perfect Npecimena of suitable size, im- 
merse them in water heated to about 120°, and place tbem 
coder the reoeirer of an air-pump. Slowly eibauat the 
air, when bubbles will rise and the water appear to be in a 
state of actire ebullition. ASter a few miaates re-admit the 
air and egaiu exbauBt, repeating the process three or four, 
times. This will displace the air Iroia moat, if aot all, 
the class. 

2. Romove the specimens and allow them to drain opon 
blotting-paper for a few aeconda ; then place them in 
earthen veasel fitted with a coTer, and previooBly heated 
about 200°. This heat may be easily got by placing tbsJ 
Tessel for a short time in boiling water, wiping it imme'i 
diately before using, with a thick cloth. The specimens ai 
then dropped into this, covered with the lid, and immc 
diately placed under the receiver of the air-pu 
the air rapidly exhausted. By this means they 
completely, and bo quickly that the cella have no time 
wrinkle. 

S. Ill an hour or two remove them from the air-pump 
and drop them into a vessel of perfectly transparent cam*, 
phine. This may be qnita cold when the horny, tubular 
polypidoma, as those of Uie SertnlaritB, are used ; but shoold 
be previously heated to 100° when the calcareous, cellolar 
Polyzoa are the objects to be preserved. The vessel should 
be covered with a watch-glasa and placed nnder the re- 
ceiver, the air being exhausted and re-admitted two or three 

4>. The slide which is to receive the specimen should bo 
well cleaned and warmed so as to allow the balsam to Sov 
freely over it. This muat be applied in good quantity, and 
air-bubbles removed with the needle-point. Take the poly- 
jiidom from the campbine, drain it a little, and with th« 
fb^ttf)f iatmene it folty in tte \i^«.'[a. "YV^l ^«&% 
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laid npou it should be warmed and its enrface covered « 
a thin layer of balsam, and then lowered gradaally npan 
it, nUeii no bnbblea should be imprisoned. A narrow 
piece of card-board at each end of the objeot, for the 
cover to rest npon, prevents any danger of cruehing the 
ipecimen. 

Thia mode of moanting polypidoms, Sk., aeema to give 
idmOBt the complete beanty of the fresh apecimens. They 
are very beaatifol objects when viewed with common light, 
bat much more bo when the polarizer is naed (in the manner 
described a little farther on). 

To the above instmotions there can be little to add ; bnt 
I may here mentioa that some yonng etadenta may not be 
poaaeeaed of the air-pamp, and on this aocoant put aside all 
search for those specimens which need little looking for at 
the seaside. Many of these, however, tbdngh they lose some 
beanty by the ordinary mode of drying, will, by steeping for 
some time in tnrpentine, not only be freed from the air- 
babbles, bnt suffer so little oontraetion that they are a 
worthy addition to the cabinet. 

Another class of objects is the a^'icula met with in 
sponges, &c. These are often glasa-lihe in appearance and 
of varions shapes ; many are foond resembling needles 
(whence their name) ; some from the sjnapta are anchor- 
like, whilst others are etar-like and of complex and ahnoat 
indeacribable combinations. As some of these are composed 
of silex and are consequently not injnred by the oae of nitric 
acid, the animal snhstance may be removed by boiling them 
in it. Thoae, however, which are calcareoas must be treated 
with a strong aolntion of potash instead; but whichever 
way is used, of coarse thej must afterwards De freed from 
every trace of residue by careful washing. 

These spicales may be often fonnd amongst the sand 

which generally accnmalates at the bottom of the jars in 

nhich sponges are kept by those who deal in them, aad 

L must be picked ont with a camel-hair pencil. The epeci- , 

3 obtained hj this means will aeldom if ever re^niia J 
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any cleaning procoaa, aa they are qnite free from animal I 
matter. 

In the former chapter were noticed those inaecta or parta 
of them whijh are uanally inonnted dry. When they ara ^^ 
large and too opnqne to admit of the dry treatment, tha«^^| 
mnat be preserved in Canada balsam or fiaid. The first ol^^| 
tbeae may non be conaidered. ^^H 

It may be here mentioned, that with these objects mnob ^^ 
heat must not be employed, aa it woald in aomo irwtanoea 
give liee to a clondineaa, and almost invariably injure them; 

In killing the insect it ia necessary not to rub or break 
any part of it. This may be performed by placing it in a 
small box half filled with fragmenta of fresh lanreMeave';!, 
by immersion in torpentine or alrong apirit, as also in aoln- 
tions cf various poisonouB aalta. After which it may ba 
preaervfid for some time in turpentine or other preaerTatiya ■ 
liquid (Chapter V.) nntd required. Aa an asEiatance to !!" 
atndent, t believe that I can do no better than give bim tl 
plan pursued by my friend Mr. Hepworth, whose apeciinm 
are in every way aatisfuctory ; bat when bio method ia n 
the insei^ta mnat not have been placed in turpentine 
preservation : — 

"After destroying the insects in ehiorofonn or aolpburi 
ether [methylated being cheaper), wash them thoroughly u 
a wide-neclied bottle, half-Slled, with two or three watersg 
the delicate ones requiring great care. Then immerse thet 
in liquid potaeh (or Erandiah'a eolation, which ia atroDgc 
than the nsDal preparation), and let them remain a loDgE 
or ahorter time according to their te^iture. When ready t< 
remove, put one by one into a small aanoer of clfar wat 
and with a caniel-hair pencil in each hand press Ihcm f 
to the bottom, holding the head and thorax with tlieleft-P 
hand brnsh, and applying pressure with the other from above, - 
downwards, giving the brush a rolling motion, which gene- " 
rally eipela the contents of the abdomen from the thnrar. 
A minnte roller at pith or cork might be nsed instead of the 
brush. In larger objects, use the end of the finger to flatten 
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them. Large objects leqaue more frequent naahing, as it is 
desirable to remove tbe potash tborongbly, or oryfltals are 
apt to form after monDtiog. Haricg placed tbem on the 
elides with thin glasa covers, tied down with thread,* drj 
and immerse them in rectified apirits of tarpentine ; place 
the Tesael under the receiver of an air-pump, and keep it 
eahaasted uatil tlie tnrpectiDe has taken the place of the 
air-bnbbles ; they are then ready for the application of the 
balsam. Larger objects may often with advantage be trans- 
forred to a, clean slide, as doring the drying there is con- 
eiderable contraction, and an oatline showing this often 
remains bejond the margin. When closely corked, they may 
remain in the spirits two or three months. As yon lake 
them from the bottle, wipe as much turpentine off as possi- 
ble before removing tbe thread, and when untied carefully 
wipe again, placing the finger on one end of the cover wliikt 
yon wipe the other, and vice versa. By this means yon 
remove as mnch turpentine from under the Cover as is 
necessary; then drop the balsam, thinned with chloroform 
(see Chapter II.), npon the slide, letting the flnid touch the 
cover, when it will be taken in bttneen the finrfaeea by 
capillary attraction ; and after pressing the cover down, it 
may be left to dry, or you may hold the slide over a spirit- 
lamp for a few seconds before pressing down the cover. If 
beat is not applied, they are much longer in drying, hnt are 
more transparent. If made too hot, the boiling disarranges 
the objects, and if carried too far, will leave only the resin of 
the balsam, rendering it so brittle that t!ie cover is apt to 
fly off by a fall or any jar producing snEcTont concussion 
Never lift the cover up, if possible, daring the operation, as 
there is danger of admitting air. A few bubbles may appear 
immediately after moanting, bat thej generally snbsidei^er a 
few hours, being only the chloroform or torpentine in a state 
of vaponr, which becomes condensed." 

nsfci 
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This method of prepsriag and moantrng uuiecU I can 
Btronglj recommend as giving first-rate resalts ; bat nhera 
the specimens are small, they seldom need the soaking in 
oaustio potaah which larger ones mast have. It is only 
necessarj to leave them awhile in terpentine, eepeoiallj 
when they have been first dried nith gentle pressnre between 
two glasses, and then moant with haUam in the ordinorj 
way. With many, even of the larger inaeota, by soaking 
them in turpentine or oil of clovea for a longer time, they 
are made so mnch more transparent and even colonrless, 
e,B to oihibit their internal organs (which are visible in 
layers, by the aid of the binocnlar microacope), the mnsolea 
of the legs, &o. They become also very boantifn! objeota for 
the polariscope. 

Amongat the ioBect tribes there is abnndent employment, 
especially for the lower powers of the microscope, Bnt if 
the deeper wonders and beantiea of the animal economy 
are to be aoaght ont and studied, it ia desirable that the 
variona parte ehoald be set aeperately, in order that they 
may receive a more nndivided attention, as well aa be ren- 
dered capable of being dealt with under the higher powers. 
We will therefore briefly consider the treatment which the 
different portions reqoire. 

The eyea of batterflies, and indeed of almost all iuseots, 
afford materials for a stndy which ia complete in itself. 
When examined with a tolerably high power, instead of 
finding each eye with an unbroken spherical surface, it i> 
aeen tiiat many are composed of thousands of hexagonal J 
divisions, each being the outer surface of a separate portion I 
termed the ocellus. In others these divisions are Eqaara;, 
bnt in all there is a layer of dark pigment surronnding thdrj 
lower parts. The ocelli may be partly removed from thai 
eye, which will show how their tapering forms are arrangedJ 
But here we have to consider bow to place them in balsaoi 
for preservation. The eye being removed from the inseotj 
aod the dark pigment removed by the uao of a camel-hiuM 
peocil, must be allowed to remain m Uvrpou^Xne tt.S,\B«*.^ 
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tome days, the turpeatine shoald then be renewed and 
the eye veil washed in it jnet before it b to be monnted. 
It ma; then be set in balsam in the same itaj aa a&j other 
object; — bnt here a. difficnlty is met witb. The eye being 
spherical upon the Borface required, mast necesBarily be 
"folded" or brolcca in attempting to flatten it. Tbis di£- 
onlty may be oftun overcome by cutting a number of alita 
ronnd the edges ; bnt some object to this mode of treatment, 
and, irhere it ie practicable, it is much more satisfactory to 
mount one in the natncal rounded form and another flat. 
Instead, howeTer, of mounting the organ whole, four Ot fire 
slidea may be procnred from each of the larger ones, auch as 
those of the dragon-fly, ic. 

The amtenncB also are often mounted on separate slides, 
as being better suited for higher powera and more minute 
examination than when connected with the inaect. These 
tvo projecting organs, issuing from the head, are jointed, 
and moveable at wiU. They differ very much in form 
amongst the rariona speciea, and are we\l worth the atten- 
tion of the miorosoopiat. They are uauaUy mounted witii 
the head attached, and perhaps they are more interesting 
when tbna seen. Some few are very opaque ; to prepare 
thefie the following method has been advised, though it is 
far better to view them as opaqae objeata: — 

Bleach the antennm by soaking in the following solution 
for a day or two ; — 

Hydrochloric acid, 10 drops. 

Chlorate of potaah, ^ drachm. 

Water, 1 ob. 

This will render them transparent. Wash well, dry, and 
mount in Canada balsam. Instead of the above, a weak 
aUntion of chloride of lime may be used, by which means 
the nerves will be well ahown. Many, however, are rendered 
t^nsparent enough bv simply soaliing in turpentine for a 
longer or shorter time. Wlvere the antennea, ko^wwi^se. 
"Flamose," or feather-liko. eiUetnc case » taDpvtei. v 
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mODDting, Uiougb tlie difficatt; ia not so great na soni 
to think. It they are fir«t dried with gentle preaBni 
then subjected to the action of the air-pump in a small 
qncLntitj of tnrpentine nntil the air is thoroughly expelled, 
they can be easily fiQiidied upon the slide, especially when 
balsain and chloroform ore naed. 

InsectA GDpply ns with another eeriea of beautiful objects, 
liz,, the fiel.* These are sometimes simply dried and 
mounted without any medium, as beLrc mentioned; but 
moat of them are rendered mnch more &i for examiaation 
bj nsing balsam in their preservation, as itgreatly increases 
their transparency. The smaller kinda may be dried with 
genllo pressure betwixt blottiog-paper, and then immerBed, 
I'or some days in turpentine, without requiring the treat-< 
tnent with liquor potassw. This immersion will render th< 
beautifully lianspareut, when they may be mounted 
bslsaDi, in the usual manner. 

It is, howevei, Bometimes found difficult to fii the feet 
when eJ^panded, in which state the interest of the object ia 
greatly increased. Mr. Ralph Tecommeuda the following 
node : — " First wash the feet, while the insect is yet alire, 
with spirits of trinei then, holding it by a pair of forceps 
close to the edge of a, clean piece of glass, the insect will 
Iny hold of the upper surface by its foot ; suddenly drop 
another small piece of glass over it, so as to retain the foot 
rxpnudcd, and out it off nith a pair of scissors, tie np 
lind souk to get rid of air." Mr. Hepworth snya that he 
nsvor found any difficulty in eipanding the foot on a 
drop of water or wall-wetted slide, and laj-ing a thin glass 
ooTsr ovor it, tying with thread, drying, and immersing ir. 
tnr[>«utLaa. 

'I'hu mouth, nlio, with its organs, is an interesting object 
hi mauy insects. That of the common By is often us'^ . 
and is compariitiToly easy to prepare. By pressing IIjb 
head, the tongue (as it is commonly termed) will be forced 

Mr, Hei>wc)rtl>-* [nl< 
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to protrade, wlien it mnst be eecnred by Ibe same means 
the foot, &□(] nis.j be subjected to tlie soaking ia turpentine, 
and mounted aa nanal. The honey-bee ia, howcTer, Tery 
different in formatioii, and is well worth another slide; 
indeed, even in insecta of the same clasa, the differonoes are 
many and interestiog. There ia another good friend to 
the lEcroacopic Cabinet, the large water-beetle, " Dyliais 
marffiiialU" ; and he is by no meana uncommon, aa he may 
be met with in many old ponda. If hia wings are taken, 
dried, and mounted in balsam, beautiful circles with crosses 
make their appearance when examined by the aid of 
polarized light. Bnt what are commonly termed his 
snckera are perhaps, his moat popular gifts. On his an- 
terior legs will Ijo Found small elms attached to central 
membera (making the whole an exact resemblance of a boy's 
ancker), which may be readily cat off, placed on the slide, 
and mounted in balaam. The Di/ticus also gives splendid 
examples of spiracles ; but this will be mentioned where 
dissection is treated of. 

Another worthy object of study is the lespiraiioii of 
insects, which is effected by trachea or hollow tubes, which 
generally run through the body in one or more large trnnka, 
branching out on every side. These terminate at the anr- 
faco in openings, which are termed spiTacks, or breathing 
organs. The frHcJi^m often present the appearance of tubes, 
conatrncted of a spiral thread, somewhat resembling the 
spiral fibrea of some plants. These are very beautifnl 
objects, and are generally mounted in balaam, for which 
they are mentioned here; bat as they evidently 
belong to the dissecting portion, they will be folly treated of 

another place. 

Amongst the parasitic insects a great variety of micro- 
seopio Bubjects will be found. Aa these ars Bsnally small, 
they may be killed by immersion in spirits of turpentine ; 
and, if at all opaqne, may be allowed to remain in t' 
liquid until transparent enough, and then mounted 
Canada balaam. 
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to snoh a degree that the eje can perceive no relationsbip 
to emt between them. If a eolation of ealphate of iron be 
made, e. emalX qaaottty spread eveDlyapoD a slide, and then 
suffered to dry whilst in a flat position, the cryatala often 
ri^BeiubJe the fronda of the oommon fera in shape. Bat if, 
whilet the li^aid ie evaporating, it is kept in motion bj 
stirring with a thin glasa rod, the crystals form eeparatelj, 
each Tliombiu pcian having its angles well de&ned, and 
g;iving beautiful oolonrs with the polarized light. Again, 
pyro-gallio acid, when allowed to flow evenly over the elide 
in a eatarated eolation, covers the surface in long needles, 
which are richly coloured by polarized light ; hut if anj 
ixiiutl portion of dast or other matter should form a nncleus 
around which these needles may gather, the beauty is 
wonderfully inoteaaed. A form very closely reaembliog the 
" eye " of the poncook'i tail, both in form and oolonr, is thoo 
produeed. wtiioh to one uninitiated in crystallography hears 
twy little reeeniblance to the original crystal. From these 
•Imple fftot* it will be clearly seen that in this, as in every 
other dvpartmeDt, study and experience are needful to give 
the be»t reinltt. 

By dropping a Batnrated solution of any salt into alcohol 
— where it ia not eoluble in the alcohol — crystals are in- 
etantaneoDBly produced, and the results are often very cations 
and beautiful. These crystals can easily be taken up by a 
pipette — deposited upon a slide, and, after having been 
allowed to dry spontaneously — mounted in haleam. 

To ubtnin anything like uniformity in the formation of 
crjBtals npon tie glaas slide, every trace of grease mast be 
removed by cleaning with liquor potassiB or ammonite im- 
mediately before using, care atao being taken that none of 
the agent ia left npon the slide, otherwise it may in- 
terrupt and change their relative poaition, and even their 
fyrm. 

Amongst those which are generally esteemed the moel 
boantiful, are the crystals of oialnrate of ammonia. Tbe 
preparalioD of this salt from nric acid and ammonia is a 
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rather difficult procest^, and will not, oa that accoant,bB de- 
Hcribed here ; hut when posseaaed, a amall qnantity of a 
strong solutioD in water mnat he made, Qcd a little pli 
on the slide, and evaporated slowly. Part of the salt 
then he deposited in circles with the needle-like crystals 
eitending trom common centres. They Bhoold then he 
mOQnted in pare Canada halsam ; and, when the hest coloam 
are wanted, nsed with the sclenite plate. Of this class of 
crystal, salicine is a nuiverBBl faroorite, and can he easily 
procured of most chemists. The crystals may he produced 
in two ways ; — A small portion of the salt mast he placed 
npon the slide, and a strong heat applied anderaeath antil 
fitsion ensnes ; the matter should then be eveuly and thinly 
Spread over the surface. In a short time the crystals will 
form, and are generally larger than those procured hy the 
following process ; but the uncertainty is increased a little 
when fnsion is used, which, however, is desirable with many 
salts. Secondly, make a satnrated solution of salicine, 
which is effected by boiling one part of the suit in eighteen 
of water, and allowing it to cool. Place a little npon the 
slide, and let it evaporate spontaneously, or with the aid of 
gentle heat. The crystals are generally uniform, and with 
ordinary poirers quite large enough to malie a beautiful 
object. Their circular shape and gorgeous colours — even 
without a selenitB plate — haie made them such great 
favourites that there are few cabinets without them. 

There are also some salts which are crystallized in a some- 
what different manner from those before mentioned. S'Jil-^ 
(twine is one of the most beautiful, and will illustrate my 
meaning. Place a small portion upon a elide, and heat over 
a lamp nctil it is fused. With a hot needle spread the salt 
over the surface required. As the slide cools, the formation 
of crystals tahes place, until it becomes one mass. This 
salt is slightly soluble in the ordinary balsam, and should 
be mounted in castor oil. If, however, the sli^ 
covered under the thin glass, the balsam soon becomec 
aaturated, and very little injury roanlts. Acnording to the 



1 

I 

I 




IH FEtFABATlOS J 

Umperatiira daring orjstallization tbe charuier i 
CTj^tals is a^cted. If the fiued salt ia very hot, the a 
ma io Btrvght liuea from a common centre. If the 
(what I tnay term) medium, the cijEtalB show oon 
waves of rerj ilecided fonn. If the slide ia cool, the a 
still concentric, are eiceedinglj minute. The most be 
crystotg for the microscopist are those formed at , 
peratare betnixt the secocd and third above meatio 
the miuate and wavj forms are then combined, an 
featherjr crystals are the result As this method r 
Bome little practice, man; crjetallize the salt in a f 
manner, which I will give ; hat the variations obb 
bj fnaioa give that mode the precedence. Disaolvi 
grains of santonine in a drachm of chloroform, and di 
eolation npon a glass slide. Allow the liqnid to eva 
and beantifnl crystals will be the result. Monnt as i 
In fear of being somewhat nninteresting to part 
readers, I feel aa thongh I shoaldnot be falfilling mj 
of giving every information, if I omitted to show e 
method of cryBtallizatioa, which a novice would caB 
as a failure before he had completed his eTperiroent. Z 
of eoda, made by neutralizing a strong solution of I 
at^id by the addition of carbonate of soda, ia spread i: 
tioD over a glass slide, and mast be then warmed, 1 
boiled. It mnat now be laid in a dry place, protects 
all ohance of dost. In time — from one or two day 
many weeks — some of the slides will prove beantifnl 
showing the cross form surrounded by rays. Somet 
slides never crystallize, thongh I can find no reason! 
and even the application of heat to these calle out no 

Eippurio acid will be found most interesting io the 
are fond of beantiful polariscopic effects, inasmnoh 
salt is capable of giving an ustounding variety in thi 
of its crystals. Make a saturated solution in a 
alcohol, and use it warm ; by dropping a small q 
from a warm pipette on to a warm slide a film will 
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crer the elide and crjstala of a circular form irill begin to 
appear, and ma.; ba modified by the atmosplicre in nbich 
thej tkro allowed to grow ; thus a moist atmosphere or the 
lereree, an atmospliere of raponr of ammonia, spirit, benzole, 
or aulpbureons fames, will each produce a differeot reaalt, 
and the modilicationa thus produced nill afford food for very 
seriouB reflection on tbo changes one Sitit may bo made to 
Baaame in contact with other agentsi. These crystals are 
best monnted in castor oil — balsam that is very liquid — 
not haieam in benzole, as the benzole changes the character 
of the cryatal. 

Many new forma may be proonreJ by uniting two totally 
different salts in eolation in certain proportions. Thie ia a 
field affoiding new facts and beauties ; but reqaites some 
chemical knowledge and mnch perseverance to obtain very 
valuable reanlts. One of the most beautiful I have met 
Trith has been composed of enlpbate of copper and sntphate 
of magneeia. The flower-lite forms and uniformity of 
oryatallization when succeaaful make it well worth a few 
^nres at first ; and aa I became acquainted with some new 
facts in my frequent trials, I will give the preparation of the 
doable salt from the beginning-. 

Mate a saturated solution of the two sulphates, combined 
in the proportion of three parts copper to one part mag- 
DBBia, and then add to the solution one-tenth of pure water. 
No dust or other impnritiea should have acceaa to the slide, 
snd it shotild bo freed from all traces of grease by cleaning 
immediately before use with liqnor potasam or ammonife. A 
drop of the solution should then be placed upon it, and by 
a thin glass rod spread evenly upon the surface. Heat 
thiB whilst in a horizontal position nntil the salt remains as 
a yiacDUB transparent snbstance, which will not be effected 
imtil it IB raised to a high degree. The elide may now be 
allowed to cool, and when this is accomplished, the flower- 
like crystals will ba perceived forming here and there upon 
the plate. When these are at any statfe in which it ia 
wished to preserve them, a few seconds' eipoaurc to the fire. 
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M warm as the hand can comfortably bear, will atop t^J 
expanaion, wben the portico whicli ne wish to moant alioiild 
- be cat off from the niaas of salt bj Bimply acTatching the 
film orouna, and pore Canada halaam with the thin glass 
■uBEd. Breathing upon the film, or allowing the elide to 
become cold and attract the moistare from the atmosphere, 
will cause the ex; stall izatton to eitend, and sometimes 
greatly roh the effect ; so it is necessary to moant quickly 
when the desired forma are obtained. As the crystals are 
very nncertain as to the place of their formation, I may 
heie mention that they may be got in any part of the slide 
by piercing the film with a needle-point ; bat in some degree 
this necessarily interferes with the centre. Into tlie cause 
of this we have no need to enter here, and as it has been 
elsewhore diacnssed, I can only give the above directiona, and 
say that there is a great field in this branch of stady which 
the microscope alone has opened. 

It would be useless to enter into particulars respecting the 
variona salts and treatment they require, as & great differ' 
enoe is effected even by the strength of the solation. There 
are aome crystals, also, which are called forth in insnlated 
portions, ahowing no formation upon the ground ; bnt even 
when mounted in any preserving fiaid, and nnchonged for a 
year, a new action seems to arise, and a groundwork is pro- 
duced which beara little resemblance to the original crystal. 
Sometimes this new formation adds to the beanty of the 
slide ; in other cases the reverse is the result, the slide being 
rendered almost worthless. This action, I believe, frequently 
arises from some liqnid being contained in the balsam or 
other mounting medium used ; and this is rendered the mora 
probable by the cry stall iiation being called forth in an Lour 
after the balsam diluted witi chloroform is employed, 
whereas no change would have taken place for months (if at 
all) had pure balaani been used. 

Sections of aome of the salts are very interesting objects j 
hnt the method of proouring these and their nature wUI be I 
deactihed in Chapter VI. 
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Few olijectB are more beautiful will) polarized light 
th&u yoQDg oijalere. Good coloars and a decided cross 
are gi^en by thom when well prepared. The foUowiog is 
the method pursued by Mr. Henry Lee :^Hiising found a 
" black-Bick " oyater (to nne th& dredgemen's term), the spawn 
of which is quite mature and ready for eitnisioQ, pour off 
from the shell the dark slatc-coloared Quid into a long 
narrow two-ounoe phial; fill up the bottle wiih distilled 
water ; shahe it gently ; allow the deposit to settle, and 
change the water two or three times, repeating the agitation 
to get rid of the suit. Then sabstltute for the water liquor 
potasBSB, diluted with equal quantity of distilled water. 
Allow the yOQDg oysters to remain in this for two dayt 
agitating occasionally ; and as often as the liquid becomi 
discoloared pour it oSj and renew ihe eanie until no coloal 
is given off and the shells are seeu to be thoroughly cleaasei" 
from all animal matter by their sinking freely and rapidly 
to the bottom. When this stage is arrived at, stop th( 
process, that the two valres of the shells may not be sepa-" 
rated by the dcBtrnction of the binge. Wash repeatedly in 
distilled water, to remove all trace of alkali, and finally wash 
and preserve the shells in a little recliScd spirits of wine 
(not methylated spirit). Those objeetH are frequently 
mounted in balsam, to increase their transparency for th^ J 
polarisoope, but where thay are sufficienlly clear they nia« 
be mounted dry like the fotaroiaifern. 1 

The scales of various fish have been before mentioned! 
as mounted dry; when, however, they are required for 
polarizing objects, they are generally mounted in baJaam, 
and some few in liquid. The former method will be con- 
sidered here. 

The eel affords a beautifal object for this purpose. The 
scales are covered by a thin gkiv, which may be slightly 
raised with a knife and then torn off, in the same manner 
ae the ooverinj of tbe geranium and other petals, described 
n Chapter III. The required iroiUotttaa^ \iiCTi \«, \<CTnt>iB&\ 
[i>r if a piece of ekiD can be procuTol oa s.VxK'^-^e'Jv 'i^ "■^■> 
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cooking, tbe aciiles maj be easily taken from the iua^H 
' surface. Thej must tbea be waslied and tliaroaghl; 
oleaned. After drying, soak foe a day in tarpoatine, and 
mount iu the ordiuarj manner with haleaiu. ThiB ia a 
good polarizing object; but the interest, and I think the 
beaut;, is increased by procuring a piece of eel'a skin with 
the scales in eitu, washing and drying under pressure, and 
moauting in balsam as before. The arrangement of the 
scales produces beautiful " waves " of colour, which arc 
quite soothing to the e;e after examining some of the ver; 
gorgeous saltiS. 

There are manj scales of fish which are good subjects for 
the polariacope when mounted in balsam ; but as they i 
quire no particnlar treatment, the; need no mention 1 

Among hairs we find some nhich are beaatiful whal 
mounted in balsam and examined b; polarized light, Bom^ 
when wanted as common objects, are alnay s used drj, ai 
before mentioned ; bat if they are intended to be shown aj 
polaruing objects, they must be placed in some medinm 
The Micrographio Dictionary mentions a mode of making 
an interestbg oliject by plaiting two series of white horse- 
hairs at an angle, mounting in balsam, and using with the 
polarisoope. All hairs, however, must be steeped in tur- 
pentine for a short time before mounting, as they will thii^B 
be rendered cleaner and more transparent. When tbia |^| 
done, there is no difficulty in mounting them. ^H 

Many of the " tongues " of fresh-water and mariiw^' 
mollnsca are deeply interesting and most beautiful objeota 
when eiamined by polarized light, As these are Qsnatly 
mounted in balsam, I mention them in this place; bat oa 
they must be removed from the animals by disseotioo^^ 
particulars respecting them will not be entered into nntSfl 
we come to the part iu which that operation is describa^l 
(Chapter VI.). ■ 

The manner of prepariug and mounting many of tl^^l 
J'olyioa and Zoophytes has been \«to» 4BW«ft«^-,Va\.<^^H 
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notioe of ^olwUiiig objects wonld be iDCOmplet« nithoat 
some aUnsioQ to tbem. A Bmall piece (>f Vae Fhittra 
avictiMrU, well prepared, h beautiful when eisraincd in 
tKiH mEtnoer. No Beleuite is needed, and ;et the coloors 
are truly gorgeons. It is often met with upon ahells and 
zoophjteB of a large size, and will well repaj the trouble 
of searching for. Many of the Sertularide are very beaa- 
tiful with polari7ed light, and, indeed, no ramble upon the 
Beaaide need be fraitleee in this direction. 

The different ilarchee are quite a stady in tbemBelves, 
and are peculiarly connected with polarized light. They 
are foond in the cellular tissue of almost every plant in 
Bmall white groins, which vary considerably in size ; that 
from the potato averages one -three-hundredth of an inch in 
diameter, and that from arrow-root about one-sii -hundredth. 
To procare starch from any plant, the texture mast £rst be 
broken np or ground coarsely; the mass of matter must be 
then well washed in gently •flowing water, and, as all starch 
is totally insoluble in cold water, the grains are carried off 
by the current and deposited where thia is stayed. In pro- 
cnring it irom the potato, as welt as many other vegetables, 
it is bnt necessary to redace the substance to a coarse pnip 
by theaid of a culinary grater; the pnIp should then he 
well agitated in water, and allowed to rest a short time, 
when the starch will be found at the bottom, ita lighter 
colour rendering it easily distiDgaiahable from the pulp. It 
Bhonld, however, be washed through two or three waters to 
render it perfectly clean. 

These grains have no crystalline structure, but present a 
very pecoUar appearance when examined with polarized 
light. Siach grain shows a dark cross whose linee meet at 
the point where it was attached to the plant, called the 
Mliim. Round the grain also a series of lines is seen, as 
though it were put together in plates. This ib more dis- 
tinctly visible in some kinds than others. 

Am to the mounting of these starches there is little to ha J 
Boid. If the grains are laid upon the slide, and as small'B.4 
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portion B^ poaaible of tlie balsam dilated nith turpentine, 
ai before mentioned, bo applied, thej nilL cliog to the glasa 
and allow the pure bftUam to flow readily orer them witt- 
oiit being BO liable to imprison air-babblea when the thin 
glass is pat upon them. 

The raphides, which were fnllj described in Chapter HI., 
nhen required for uiio with polu-rized light, mast be mounted 
in balsam, and manj are foaod which give beautifol colonrs. 
They reqaire no pecoliar treatment, bot mast be washed 
quite clean before patting Qp. Bat in order to nnderstaod 
anything of the nataral arrangement of raphideg, it ia 
necessary to mount certain parts of plants with these ohjocts 
til silti. The most common ia the coating of the onioD, 
which mast be Hoaled some time in tarpentine or honzole, 
in order to render it transparent, and mnst then be mounted 
in balsam, as before said. We shall then be able to oblain i 



natnre will be perceived. 

There is one claas of objects for the polariscope which 
differs in preparation from any we have yet considered, and 
affords very beaotifal specimens. Some of the plants, in- 
cluding many of the grasaes and the BqnisetaoeiB (i.e. horse- 
tails], contain so large a quantity of silica, that when the 
vegetable and other perishable parts are rcmoTed, a tbeleton J 
of nooderfnl perfection remains. Thia skeleton mast ba I 
mouDted in balsam, the method of performing which will I 
now bo considered. 

Soraetimea the cuticle of the equiaetam ia removed from I 
the plant, othera dry the stem nnder preasnre, whilst the ^ 
grasaeB, of conrae, require no auch preparation. Thoy ahoald | 
theo be immeraed in atrong nitric acid and boiled for a 
short time ; an effervescence will go on as the organic matter 
is decomposed, and when this has ceased, wore acid should 
be added. At this point the modes of treatment differ; 
Bome remove the object from the acid and wash, and having ' 
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dried, burn it open thin glasB until all appettra whila, when 
it must be carefully moanted in balsam. I thinli, however, 
it is better to leave it in strong acid until all the substance, 
except the required portion, is removed ; hQt this will take 
a leagth of time, varying according to the mass of the 
plant. Of course, when this latter method ia used, the 
skeleton, mnst be washed from the acid, &a., before being 
mounted in balsara. 

These eiliceoug cutideg are readily found. The etratcs of 
moat of the cereals, wheat, oat, &c. ; the livaks, also, of aouie 
of these 1 many canee; the equiaetom, aa before deacribedi 
and aome of the graasea. Many of these are cverjnhere 
procorable, so that the studeat can never want material for 
a splendid object for the polariscope. 

Id Chapter III. the scales (or hairs) which are often found 
upon the leaves of plants were mentioned aa beantiful objeota 
when mounteil dry; bat aome of these when detached from 
the leaf — which is easily done by gently scraping it, when 
dried, with a hnife — present brilliant starlike and other 
forma, if mounted in balaam and used with the polariscope. 
There ia a little danger, when placing the thin glass upon 
the balaam, of forcing oat the aoales ia the wave of matter 
which ia always ejected; this nay be oi/ercome by applying 
to the slide, previoaaly to placing the ohjecta upon it, an 
eitremely thin covering of balsam dilated with tnrpentine 
ae before mentioned, lotting it dry tnore or less with the 
objoota placed in it, and then, after the addition of a little 
more balsam, patting the cover on, and thus giving them 
every chance of adherence; or by using the balsam with 
chlorofoTOi, as before noticed. This method is peculiarly 
saccessful in cases where it is desired to arrange several 
Directs By in metrically on a alide, and to obviate their sub- 
seqnent dialarbance by placing the cover on. Tjpe elides 
with several parts of an insect displayed upon them, soalea 
of fish, or of plants, &c., may thus be shown, eo that the 
numbei' of slides may by this plan be seriously diminished. 
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These scales are mncli more abandant than was formerly 
sapposed, and new specimens are discorered daily; so that 
the student should always be on the look-ont for them in 
his.researches in the vegetable world. 

Most classes of objects, and the treatment they require 
when mounting them in balsam, have now been considered. 
The next chapter wiU be devoted to preservative liquids, 
and the best method of using them. 
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OHAPTBE V. 

PREBZBVAIITB LlQTriDB, ETC., PAHTICCIABLT WHEBE CELLS 

Tbere are manj objects nhicli would lose all tLeir distinc- 
tive pecnliaritieB if allowed to become drj, espccioUj tboae 
beloQgiag to tbe fresh-water AJgce, taaaj auima] tissaes, 
and most of tlie very delicate animal and vegetable sub- 
stances in Tibicb structure ia to be ebown. Theae must be 
preaerved bj immeraion in Bome fluid ; but it is evident that 
the fluid moat be suited to the kind of matter which it la 
intended to preBarve. As it often requires much study and 
trouble to oltain microacopic objeota of this claea, it ia well 
that their preeervation should be rendered as perfect as 
poasible ; and for this reasou the CBLLS, or receptaolea of the 
fluids, should be so closed that all possibility of escape 
Bhoald be prevented. The accomplish meut of this ia not bo 
easy a matter as it might appear to tbe inexperienced. 

Before giving any directions aB to the mouipulation 
required in mounting the objects, we must consider the 
different liqitide and cellt which are requisite for their pre- 
servation. Of tbe former there are a great number, of which 
tbe principal may be mentioned. 

DiaTiLLED Watzb is strongly recommended by many for 
Diatomaoe» and other Protophytes. It baa been, however, 
stated that confervoid growths often disturb tbe cleamees 
of the liquid, and ou this account variona additions are made 
to it. A lump of camphor is often left in the bottle, ao that 
the water may dissolve as much as possible. One grain of 
bay salt and one of alnm are added to each ounce of wB.tKt -, 
or a drop or two of creosote Bhakeu ii'^ fiVOn. m^ owog'* ^S. 
crater, wbicb sboald be afterviftids 6\tot64, 1V«.m ■bA&'Cv^'^' 
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ate often made ; perhaps ea.ch of then 
objects, 

Glyceiuse. — Some affirm thia to be one of the best pre- 
EerTative liqnidB, especially for vegetable objects ; bnt others 
think that it is much better when dilated with two parts of 
camphor- water, prepared as above.* Mr. A. E. Verrill, of 
Tale College, U.S., says glycerine preserves the natural 
colours of marine aDioiats ; and the only precantion to b^H 
talren is to uae very heavy glycerioe, and to keep ap tbM 
strength by transferring the specimens to new as soon 1^1 
they have given out water enoagh to weaken it mach, r^B 
poatiog the transfer till all the water is removed before 
finally mounting on the slide. 

Gliceeine and Gl'm, — Thia is also believed to be a very 
good liquid for vegetable tieanes, and is thus prepared :— 

Pure gnm-arabic... 1 ox. 

Glycerine 1 „ 

Water (diatUlsd)... 1 „ 

Araenions acid ... 1^ graia. 
Dissolve the araeniona acid in the cold water, then the gud 
add the glycerine, and mix withont bubbles. 

Dr. Cdrponter states that the proportions used nltimatd 
by the late Mr, Farranta are : — 

Picked gom-arabio ... 4 parts by weight 
Distilled water (cold).. 4 „ 

Glycerine 2 „ „ 

Tbua be now omita the arsenions acid, but places in the 
solution (which should be kept in a bottle with glass stop- 

r. Carpenter saj9 ^— "Qljoerine hiisa Bal>eat)>o«er for OD... 
Date of lime,' and ebould not be employed wlien tbo objaet oontatii ji^ 
uiy salcBToaoi structure, !□ ignorance of thie fact, the author (Dt^V 
C. ) omplove J glycerine to prewrTo n. Dumber of reniaritttbly flos Bg—*^^ 
i«u of the penuutnaoid larva of the Comatula, whose colonra ha _ 
1 to rcUin ; and wis oitresiely veiod to Gad, when about ^ 
tbem, thai thalr calcaceous akale^fliia \ibA »q ao'^aiJ.-s * 
that Lbe spooimons wars CDUi^Vatots n ' 
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per) a small piece of campbor. This reqaires no cell, as tlin 
adhesive power is safficieat. 

De4Ne's Compound. — This is nauBlly deemed alxiut Iha 
best medium for preserving Algin, mouses, &c., aod is tlins 
prepared : — Soak 1 oz. of best gelatico in 4 oz. of water 
until the gelatine becomes soft, when 5 oz. of honej heated 
to boiling point are added; boil the mixture, and when it 
has cooled, but not enongh to become Etifi', add \ oz. recti- _ 
fied Spirit with which 5 or G drops of creosote have been ^M 
well miied, and filter the whole throngh fioe flannel. This ^M 
componnd when cold forms a stiff jelly, the nse of nhich. ^M 
will be described elsewhere. ™ 

Glyceeisb Jelli. — This mixture closely resembles the 
above, bat as the compositioD differs a little it may be meo- 
tioaed here. It is strongly recommended by Mr. Lawrance 
in the Microieopic Journal, where he states " that the 
beautiful green of sorno mosses mounted two years ago, is still 
aa fresh as on the day they were gathered ;" and that this 
is the ooly mediant he tuowa which will preserve the natural 
colour of vegetable substances. He takes a quantity of 
Nelson's gelatine, soaks it for two or three honra in cold 
water, pours oS the anperfluous water, and heats Uie soaked 
gelatine nntil melted. To eaoh fluid ounce of the gelatine) 
whiUt it is fluid but cool, ha adds a flnid drachm of the 
white of an egg. He then boils this until the albumen 
coagulates and the gelatine is quite clear, when it is to be 
filtered throngh fine flannel, and to each ounce of the clari- 
fied solution add 6 drachms of a mixture composed one part 
of glycerine to two parts of camphor- water. 

At the Academy of Natural Sciences of Philadelphia, 
Mr. W. H. Walutsley stated, that, owing to the heat of that 
climate, the above formula for glycerine jelly was not satis- 
factory, and recommended the following : — Take one pack- 
age of Ooi's gelatine, wash repeatedly in cold water; allow 
it to soak in water sufficient to cover it for an hoar or two, 
add one pint of boiling water, ani tfyl \.bw «» %Siss^ 
aSaales. Remove, and when ooo\ Vm^ *'iiffli &^A.*&^ ■'^'' 
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We will now Buppoae the coll cmiiloyed liaa been mi 
b; placing a glass ring upon the elide with maftne-gliie or 
goli-eizo, and is qnite dry. Aronnd the edge of the cleaned 
tlau glaae which is to cover it, I trace with a cameMiair 
pencil a ring of gold-atze, and also aronnd the edge of tiie 
cell to which it is to adhere. Dr. Carxienter objects to this, 
Hi rendering the later applicatiins of the gold-Eize liable to 
" rnn in." All danger of this, however, is completely ob- 
viated by leaving the elide and cover for awhile until the 
cement bccomea partially fixed, but still odbesive enough 
to perform ita function (Ohaptor III.). With many ilidea 
this is not accomplished in less than twentj-fonr honrs, even 
if left two or tliree daya no injury whatever eoeues; bot 
with other kinds an hour is too long to leave the exposed 
cement, go that the operator mu^it use his own discretion. 
It is not always necessary to s'\M the edge of the eovir. 
since perfect adhesion may m taany casea be secured vrilb- 
out it, and it is always best to use the least quantity of 
cement that will auswer, as it will then be less likely to rnn 
in. The liquid required may be drawn up by the month 
into the pointed tnbe mentioned in Chapter II., and then 
transferred to the cell. In tlie various boots of instruction, 
the object is now to be placed in the cell ; this, however, I 
think a great mistake, as another prooeas is absolutely 
iiecesaary before we advanoe ho far. The cell, full of liqoid, 
must bo placed under the receiver of an air-pnmp, and the 
air withdrawn, Almost immediately it will be perceived 
that the bottom and aides of the cell are covered with minute 
bubbles, which are formed by the air that is held in ins- 
pension by the liquid. The slide may now be removed, and 
the bubbles may require the aid of a needle or other point 
to displace them, so obstinately do they adhere to the 
surface of the glnsa. This process may then be ropeateil, 
and one cause, at leasf, of the appearance of hubbies in cells 
of liquid will be removed. The object to bo mounted should 
a.so be soaked in one or two change* of the pteeerval'^" 
li^on) employed, and, during ttie sob.Wtv^.'Nm -^Vu^Bl 
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plaints that this mixture becomes tQrHd with keeping ; bnt 

1 thiak this must only Le the case when some impurity hfta 
got into the bottle. 

Cahbolio Acid.* — The addition of b, few drops of thia to 
distilled vrater prevents the growth of interfering eabatancea 
which would t^e place if pure water alone were need, and 
is therefore valuable as a preservative fluid. The aame 
solution also ia convenient, as it instantlj kills infosoriB, and 
almost everything that haa life; and, indeed, ia useful in 
Uie atudent'a gathering-bottlee for the eame reason. It ia 
very highly epohen of as forming one of the conatitnenta ia 
the following forntola for use in mounting soft animal 
textures : — 

Arseniooa acid, 20 parts, 

GiyBtallized carbolio aoid, 10 parts. 

Alcohol, 300 parte. 

Distilled water, 700 parts. 

The Rev. "W. W. Spicer, in hia translation of Johann 
Nave'a work on Algte, recom^menda the following Baii for 
their preaervation t — Pare alcohol, 3 parte ; distilled water, 

2 parta ; glyoerine, 1 part. If the desmid or other alga 
be placed in this Qnid in a cell, and not covered by a glaas 
for a time, the water and alcohol will evaporate slowly, and 
the miitnre will become more dense in proportion, bnt quite 
gradually, and therefore without any destmctive inflnenoe 
on the object. During this operation, water is withdrawn 
from the frnatule, and the glycerine, which is not volatile, 
takes its place without oansiug any distortion of the objeot. 

Oasiob Oil. — Thia ia a very useful preservative for 
crystals and other objects. Many salts are quite destroyed 
when Canada balsam ia used with them; bnt very few are 
acted upon by thia oil. To use it, it must be dropped in 
snfEcicnt quantity to cover the crystal or object to be 

* Dr. Crace Calvert stated ut a maotiog of ths Britiih. &avi<^At^iit&, 
thatfttter carsfol eiperimenta ho finds oiw\ra\\n wJii. "■^twiBiifc'Sa'* 
Am/opaiBne of pn>lop!Mmio and fnngold lUo." 
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preserved with a tliin coating of oil. It 
Bometimes to spread it nith a needle or other iGstrament, 
The thin glasa should then be carefallj placed upon it, 80 
that all air may he excluded ; and shonid any oil be forced 
otit, owing to the qaantitj used heing' too great, it mnst 
be removed with blotting-paper. When the edge of the 
thin glass cover and the surronoding parts of the slide ore 
as olean as possible, a coating of sealing-wax Tarnish or 
liquid glue mast be applied and allowed to dry. A second 
or even a third coating may be required, hut not before the 
previous cover is quite dry. These varnishes, however, are 
very brittle, and it is much eafer, as a finish, to nse one of 
the tougher crfments — gold-size, for instance — which will 
render it doubly seoure. 

The above are the principal liquids, Ac., used for pre- 
serving objects in cells. The different cells may be here 
mentioned ; and it is recommended that these should always 
be kept some time before nee in order that the cement may 
become perfectly dry; and care most be talien that no 
cement be used on which the preservative liquid employed 
has any action whatever. 

Cemest Cells. — Where the object is not very thick, thb 
kind of cell is generally used. They are easily made with 
the turntable before deecribeJ ; but when the objects to be 
preserved are veiij minate, these cells need not ha mnch 
deeper than the ordinajTi circle of cement on the slide. 
When, however, a comparatively great depth is required, it 
is sometimes necessary to malce the wall of the cell as deep 
as possible, then allow it to dry and make another addition. 
Of thepe cements gold-size is one of the moat tmstworthy, 
and may be readily used for the shallow cells. The ss- 
phaltum and india-rubber, before noticed, I have foun^ very 
durable when well baked, and eiceedingly pleasant to work 
with. It may be nsed of such a thickness as to give space 
for tolerably large objecls. Black japan ako is muoh need. 
IXany cements, however, which are recommended by aome 
writers, are worse than neeleBB, ogling \o'^e>in\!CiQii«mv\Q^ 
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renijers llieir JDrabilitj uncertain, as Bfaling-wai, varnuh, 
liqnld-glae, &c. Br. fiastiaa sa^s the beat cemeut for liqaid 
cellfl ia ona, much aaed in Qermauy, made by adding a 
coDEtdcrBble quantitj of nitrate of bismuth to a solntion of 
gum mastia ia obloroform. It can bo procured at almost 
'any optician's. 

The student may feel himaelf at a lu^a in choosing the 
cement nhich will give him tbe riafeat cells, many of tl:rm 
becoming partially or wholly dry iu & year or two, as stated 
in Ruotlier place. I can only givo him a, few general direc- 
tions, and he umst thin use lijs owa judgment. Of conrEii 
it would be lost labonr to employ any cement npon which 
the presorvBtire liquid has amj adion whatever. It is also , 
a good rule to avoid those in whose composition there aro '< 
any particles which do not become a thorough and intimate ' 
portion, as thees unredoced fragments will almost certainly, 
Boonor or later, prepare a road by whicli the liqnid will 
escape; and, lastly, whatever cement he uses, the cells are 
■ always belter when they hare been kept a short time before 

GuTTi-rEKCBi Rings have been recommended by some, 
as affording every facility for the mannfactnre of cells for 
liq^nids ; but they cannot bo recommended, as, after a certain 
length of time, they become bo brittle aa to afford no safe- 
guard against ordinary aectdcnta. Some have also nted 
india-mbber bands thickly coated with various varnishea; 
bnt these I consider leas tiust-icorthy than gntta- 
peroha, as thny become thoroughly rotten in ordinary 
use after a short probation. 

Often the cells must necessarily bo of a large e'lze, and 
for thia reason are made by taking four strips of glass of the 
thicliness and depth required, and grinding the places where 
these are to meet with emery, so as to form a alighyy 
roughened but flat edge. The glass ^trip must also be 
ground on the side where it meets the plate, and each piece 
cemented with the marine-gloe ^leIlUo^e4\■QCl\l«^^^«^^^"'ai _ 
the Allowing moDaei : — On tliat part ol tii« ^^^ \ri -w^b *" 




130 PREFAXAiioH ASS i£Otnn:i>a 

aDother piece is to be attached ehonld be laid thin stripn iH 
the glue; both pieces must then be heated upoa a smdl 
brass table, irith the aid of the Fpirit-knip. notil the Etiipa 
become melted j the email piece is then t« be takoa Dp and 
placed upon the spot tjD which it is to be attached, and eo 
on until the cell ie completed. It willbefoandQeceasarj to 
apread the glue over the HUrface required with a needle or 
some other instrument, eo that an unbroken line may be 
preaentfld to tlie wall of the cell, and no bubbles formed. 
Too great a beat will bnrn the mariae-glue, and render it 
brittle ; care must be therefore taken to avoid this. 

When Bhallow cells are required, those irbich are m&de 
bj grinding a concavity in the middle of an ordinary slide 
will be found very convenient, The concavities are cnt both 
circular and oblong ; and the surface being flat, the cover is 
easily faatened apon it. These are now cheap, and are very 
safe as to leakage. It is a very great improvement, where 
it can be done, to turn a shallow ring outside the concavity 
of the slide, but close to it. This prevents the cement with 
which the cover ia fastened from running in. 

Circular cells with a flat bottom used to be made by 
drilling a hole through glass of the required tbioknesB, and 
filing this upon an ordinajy slide with marine-glue ; but 
the danger of breakage and the labour were so great that 
this method is seldom used now, and, indeed, the rings about 
to be mentioned do away with all necessity for it. 

Glass Eimgs. — Where any depth is required, no method 
of making a cell for liquids is so convenient as the nse of 
glass rings, which are now easily and cheaply procurable. 
They are made of almost every size and depth, and, except 
in very extraordinary cases, the necessity for building cells 
is completely obviated. These rings have both edges left 
rough, and consequently adhere very well to the slide, this 
adherence being generally accomplished by the aid of 
marine-glue, as before noticed with the glass cells. Gold- 
size has been occasionally nsed for this purpose; and the 
adherenoe, even with liqnid in the cell, I have always found 
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to be perfect. This method has the aUrantago of reqairing 
no heat, but the gold-aize must be perfectly dry, and the 
riDg maBt have been Gxod apou the elide Home time before 
use. CaQada baUam has aUo bcDQ used for the H&me 
purpose, but cannot be recoramended, as, when it is perfect); 
dry, it becomcB so brittle as to bear uo shock to which the 
slide may be ordinarily expOEed. 

Iros EiSGS. — Many haye worked with these, baving 
taken care to varnish thoroaghly before using with any 
preBErvative liquid i bat they are always ontrastworthy, a» 
they oan never be gnarauteed against the action of some salt 
in the liqnid nscd. They can be procured bcnntifully made, 
and for dry cells cannot be sarpassed. Zinc and pure tiu 
rings may also be procured, and are excelletit, especially the 
latter. 

VutCAKiTE. — This substaoce is a great favourite with 
working microacopists, as it is very slightly in* 

meed by change of temperature. Bat my own opinioD is 
lat a glass cell is the safest and moat satisfactory re- 
OeptBcle for any object in liquid, and if carefully prepared 
will not deceive the operator. 

These are the cells which are mostly nscd in this brancli 
of microscopic mounting. The mode of uHing them, and the 
different treatment which certain objects require when in- 
tended to be preserved ia the before-mentioned liquids, may 
now be inquired into. 

I may mention, however, that this class of objcotJ< is 
looked npon by many with great mistrust, owing to the 
danger there is of bubbles arising in the cells after the 
mounting has been completed, even for years. I know soma 
excellent microscopists who exclude all objects in cells and 
preservative liquids from their cabinets, becauso thoy say 
that eventually almost all become dry and worthless ; and 
this is no matter of snrpriso, for many of thtm do really 
become so, Perhaps this is owing to the slides being sold 
before they could possibly be thoroughly dry. As to the 
aii-bubbles, I shall have something to say presently. 
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the edgea can be tbas cleaned perfectly enough for 
cement to adhere. Mr, Suffolk, at the Qaetett Glnb, said 
,— When the cell viae closed he Tarniehed it with a coaling 
of oommon liqnid-gloe, and when this waa dry he pnt it 
under the tup and thoronghly washed it, in order to remore 
any gljceriae which might remain onlaide. After carefiiUy 
drying the slide with blotting-paper, he gave it anothflf 
coating of the liqatd-glae, and when dry repeated the naaih- 
ing process, and after having given it a third coating of 
liqnid-glae in the eame manaer, he gave it a final ooat of 
gold-BJze, and he never had any trouble with cells closed in 
this manner, Mr. Hialop, at the same place, said ; — HJB 
plan was, to make a gocd seat for the cover Srst by a thi( 
ring of gum dammar — allow this to become stioky; n 
pnt in the glycerine, lay on the cover, and then oarefi 
wash off all snperfluoue glycerice. When perfectly wi 
washed and dried lay on two or three coats of gum dammt 
to finish it. 

Some insects, snch as May-files, &c., are, hoiveTer, ol 
preserved by immersion in a solution of one part of chloi 
of calcinm in three or four parts of water ; bnt this has 
been recommended amongst the preservative liqnids, as 
colonr, which is often an attractive quality of this class 
objects, is thereby destroyed. 

We have now noticed the treatment which mnst be 
plied to those objects which are to be preserved in liqni< 
and celia. We may here stale that all slides of this kii 
should be examined at short intervals, as they will be fonnS' 
now and then to require another coating of varnish roand 
the edge of the thiu gtafs cover to prevent all danger of 
leakage. The nae of the air-pnmp, in the first instance 
(as before recommended), and this preonution as to the 
varnish, will render the slides leas liable to leakage and air- 
babbles, which so very frequently render them almost 
worthless. 
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Mahi objects are almoeb wortbleBa to the microacopist nntil 
eitraneooa matter is removed from them ; and this ia fre- 
qnentlj difficolt in the extreme to perform Batisfactorily. Ab 
an inatanoB, certain Foramiiiifera may be mentioned in whioh 
the cells are placed one upon another, conaequentl; the ob- 
ject must ba reduced to a certain degree of IhinneM before a 
eiugle oaiform layer of these cells can be obtained to shon 
something of the internal arrangeraonts. 

Moat animal and Tegetabio forma require an eiamination 
of the separate parts before much can be known abont them. 
The masB mnat be divided into separate portions, eaeh part 
intended to be preserved being cleaned from the uadeas 
matter with which it is anrrounded. It will frequently be 
icnnd necessary to make thin seotiooa, which from a very 
tender sobatance is no easy matter; and much patience will 
be necessary to attain anything lite proficiency. 

Thia making of aections was not until very recently 
nndertaliea by many esoept those belonging to the medical 
profession, but I do not see why thia abonld be so, as mnch 
may be accomplished by a persevering and interested mind 
where tbere is time for entering into the subject. I will 
therefore make an attempt to give some instroctions on thia 
subject also. We will first consider the catting of sectionn 
from hard aabstanoes, in which the ordinary knife, chisel, 

lion, additional m 
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Ac, ata of no avail, Most of tliese require no partici 
care in monating, but are placed fa balsam like the 
objects noticed ia Chapter IT,: where, bowever, any b 
treatment is necesaarj it will be commented upon i 
proceed, 

Sbelu, Ac. — It ia seldom, if ever, necessary to poaaesB 
apparatus for tbia process eicept a small tbin saw made 
with a Btee! blade, for which a piece of watch-spring aervca 
very well ; a fioe stone snob as is nsed for sharpening pea- 
kniveB; and two smooth leather strops, one of which is to 
be used with potty-powder to polish the section after grind- 
ing, and the other dry, to give the final surface. It is, how- 
ever, Tery convenient to have three or four files of different 
degrees of fineness. A very nseful implement in tbia procesB 
is the Gorandum file or mbber, sold by most dealers in 
watchmakers' tools. It may bo procured of almost any 
or grain, either cirooUr or flat, and will cat almost anjf 
thing. They possess the very great advantage of not oarrj ' 
' ig mncfa, if any, impurity into the testure of the obje( 
pon which they are used. The shell, if very tbioli, may h 
ivided by using the watah'Spriog saw ; and this seotiOD 
ay then with ordinary care be rubbed down with water on 
IS stone until one side of it is perfectly flat. When this is 
aocomplialied it must bo rubbed with putty-powder upon 
the strop, and finally upon the other strop without the 
powder, This surface will then be finished, and must be 
firmly united to the slide in the position it is intended to 
occupy. To do this a small quantity of Canada balsam may- 
be dropped upon the middle of the slide and heated ovM' 
Ihe lamp until on cooling it becomes hard ; but this mnstl 
be stopped before it is rendered brittle. Upon this th( 
polished surface must be laid, and sufficient heat applied to 
allow the object to fall closely upon the slide, when sligW 
preaanre may be used to force aside all bubbles, Ac. 
cooling, the adherence will bo complete enough to allow 
e grinding and polishing upon the upper surface wl 
lower received. Whilst nndergoing this, the Bed 
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must be examined from time to time to ascertain whetber 
necessary degree of tbinaesa has Leen reached. Wlien 
this is the caao the seotioa etould be waahed thoroughlj' and 
dried. It must then be covered, which ia beat done bj uHiDg 
ordinary Canada balsam, as recommended in Chapter [Y.; 
or, if the section ia to be monnted dry, it must be freed from 
balsam by nashing, or soaking if necesaary, in turpentine 
or other solreuta, 

SectioDS of acme eiqiiaitely beautifnl objects are cnt with 
mnch leas tronble than the above. The Orbitolite, for 
inatance, may be prepared ia this manner. Take the object 
and by pressure with the Soger rab the side npon a. flat and 
amooth Bharpeuing atone with water nntil the portion is 
reached which it is wished to show. The strength of the 
object will easily allow this to be accomplished witli ordinary 
care. Thia side may then bo attached to the glasa slide 
with heat«d balsam, as above described, and the object may 
then be g-ently rubbed dotjn to the degree of thinness re- 
-qnired to show it to the best advantage. After removing 
all diaengsged matter from the object by washing and 
thoroughly drying, it may be mounted in balsam in the 
usual manser, when it is equally beautiful as a transparent 
or opac[ue object. From this it will bo seen that in many 
instances where a smooth stone is found sufficient for the 
work (which is often tbo case when the section is mounted 
in balsam) the Snal process of polishing advised above may 
be dispensed with, as in the Orbitolite, Nnmmnlite, iSsc, Sec. 
It is qnit« neceasary that the atones on which the objecta 
ore robbed be perfectly flat, otherwise one aide muat be 
aiited opon before the other, and it will be found impoB- 
Bible to attain anything like uniformity. Where it ia not 
j^rscticable to out a section, and the object ts very thick, a 
coarse stone may be firat used to reduce it and the smsothcr 
afterwards. 

Tlie conaideration of the cutting of aectiona from ahells , 
would scarcely bedeomed complete wittumtawm.^ TatiAiM^'i''- 
ivliat Dr. Oarpeatci terma ttie decalcitjVn^ -^vtotiCT*. "^■Q.-caSwa 






■flold IB diluted witk tTrentj times its Tolame of -wateri and 
in this the shell is immersed. After a period, differing ac- 
cording to the thtchneas of the shell, the carbonate of lime 
will bo diBBolved awaj, and a peculiar membrane left, Bhow- 
ing the stcactoia of the ehell very perfectly. This may 1m 
monnted dry, in balsatn, or sometimes in liquid, according 
to the appearance of the object ; but no rule can be giren. 
The discretion of tho Btndeiif;, however, mUI enable him to 
ohoDse the most snitable method, 

From some Bhells it is easy to divide thin plates, or 
laminie, which require nothing but mounting in Canada 
baUam to show the texture very well. In working, however, 
with those which are pearly, it will be fonnd that expe- 
rience and patience are needed, as they are very brittle and 
peonliarly hard; bat a little practice will overcome these 
difficulties. 

Amongst the Echinodermatn, which include the stai- 
fishes, sea -hedgehogs, &a., there are many whose onter sar- 
face is covered with spines, or thin projectioHS. Some 
of these are sharp and thorn-like, others blant, longer or 
shorter, and, indeed, of endless variety. In many of these, 
when a section is made, rings are seen which have a oommoa 
centre, with radiating supports, reseinbliag sections of some 
of the woods. These are very beautiful objects, and methods 
of procuring them may now be considered. It is the best 
to out as thin a section as can safely be got with the watoh- 
spring saw first, when the smooth sharpening stone may 
be used to polish one side, which is easily accomplished with 
water only. When this ia eSected, it mast be washed clean, 
and Ihorougldy dried, and then may bo united to the slide 
in the same manner as before Tecommended for the Orbito- 
lite, &<:, If it is ever necessary to displace it on aocoant 
of inequalities, bubbles, or other remediable fault, thia may 
be done by warming the slide j though too mncb heat must 
be avoided, otherwise fresh hnhblea will certainly be pro- 
-daced. The covering with thin gloss, balsam, &a„ will 
it QO difficnlty to the Btudoati-, W^lu-nnt^ 
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that tbe transparency ia aomeivliat increased by this last 
operation. 

Corals are often treated in thia way, ia order to reveal 
their atrncture. Except, however, the stadent has had 
much practice, ke will oiten find thia a meet difficult task, 
as many of them are exceedingly brittle and hard. He will 
find tbe netliod before described eqaallj applicable here, 
and shonld take both horizontal and vertical seotioas. 

Goal. — Tbia HubatancB is one of the moat iuteresting 
objects to the microacopiat. It ia, of coutee, of vegetabli 
origin; and though it ia in many caeea ia each minute 
separate portiona aa to have lost all appearance of vegeta- 
Idon, yet it is very frequently met with in masses, bearing 
the form, eren to the minate markings, of wood, in various 
directions. To aee this and prepare it for microscopic re- 
search, a anitable piece of coal mnat be obtained ; but in 
every case tbe cutting and preparation of these sections 
reqnire great care and skill. Sometimea tlie coal ia Grat 
made smooth on one side, fastened to the glass, reduced to 
the requiaite degree of thinneaa, and finished in the method 
before described. Thia mode of treating it ia Bometimes, 
however, very tantalizing, as, at the last moment, when tbu 
section is about thin enongb, it often breaks up, and so 
renders the trouble bestowed upon it fruitless. The dark 
colonr and opacity of coal render an estraordinary thinness 
neceaaary, and so increase the liability to tliis accident. 

Mr. Slado recommends that the piece of coal, having been 
smoothed on one side, be cemented on that aide to a. glass 
slip by marine-glpe of the beat quality, quite free from 
nndissolved or foreign matter. Great care must be taken 
to press out all air-bubbles, the coal breaking up at such 
places aa it gets thin, a hole reanlting. It may then be 
redaccd in the usual way, and when thin enough mounted 
in Canada balsam and covered by thin glass. 

Perhaps the best method which can bo pursued is that 
recommended in the Micrograpliio Dictionary, which ia 
as follows t — "The coal ia macerated for abent a week in a 
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EolotioD of carbonate of potaih; at the end of that time 
19 possible to cat taterablj thin slicea with a. razor. Tber< 
elicee are then pluced in a watch-glass wilh strong nitrio 
Ecid, covered, and gentlj heated; thej Boon tarn brownish, 
than yellow, when the process must be arrested by dropping 
the whole into a sQiicer of cold water, else the coal noold 
be diBsoIved. The slicea thns treated appear of a darbiah 
amber coloar, very transparent, and exhibit the stmctare, 
when esisting, most clearly. We have obtained longitndinal 
and tranfiverse Bectiona of coniferons wood from variona 
coals in this way. The Epecimcns are best preserved in 
ghjcsrine in cells ; we find that spirit rondera them opaque, 
and eren Canada balsam haa tbe same defect. Schnltza 
states that he has brought ont the celluloee reaction with 
iodine in. coal treated with nilrio acid and chlorate of 
potash," Now aod then in coa! we meet with a half- 
tbrmed carbon-looking substance which is no more diffici""' 
to work with than ordinary charcoal. From tliis it is 
easy thing to procaro intereatiog slides. 

Oa/nnel-coal is so close and finn in ita Btrnctnre as to 
much used instead of jet in the manufacture of ornaments 
it takes a beantiful polish, and conseqoently preaenta tbe 
► atndent with none bnt ordinary diiEcalties in getting 
sections of it. Its fortnatioci is somewhat different from 
that of coal, sometimes ahowing the transition very clearly. 
Fossil Wood. — This ia Tery often brittle and reqnirea 
great care in cattiog. There are, however, different kinds 
of fossil wood, bnt to obtain anything like certainty and 
perform much work a lathe ia uccessary. I know of no 
method better than that given by Mr.* Butterworth, and 
shall therefore make nse of his words. First, I will brgln 
with the cntting. To the framework of an ordinary foot- 
lathe I attach an npright spindle (see engraving). On this 
upright spindle I drive by a band passing over "oarry- 
poUoys " ftom the wheel below. On tho top of this spindie 
I £.1 my OQtting-disc, which is made from a very thi 
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LI C,! my CQtting-iliEc, wbich is made tfom a very this^^H 
piece of sheet iron, and is a1:>ottt eix i^.dieB in dUmeier^^^H 
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The edge of this saw I Dbarge with diamood -powder. To 
the edge of the raw I hold m^ Bpecimen, and as it cnte I 
Inhricate the edgg nith a Btnall brnsh dipped ia tarpentine. 
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With this method I have cut BtctSona of foHsil wood so thin 
that all its atructare has been well defined and required 
nothing bat mounting in balaam; this haa been ailicaled 
foeeil wood. In catting calcanov* foBsil wood, I have to 
cnt the seotionB thicier and grind them down. My grinding 
apparatna ia compoaed of leaden lapn, which I make to 
reyolre in a horizontal paaition on the aame npright apindlo 
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en wliicli I fii my cntting aaw. I use two Ittf.B, one 
rough grinding, tlie othi'r for atnootliing. I use No. 1. 
emery and a. lillle water with the first, and donr of emfry 
with plenty of water on the second. In preparing a apeoi- 
iDcn, I first grind a smooth enrraoe on one Bid«, and then 
lix it to a plate of gloss, of Eucli a size as njll Buit in; 
specimen, with Canada balsam. I then redace it in thickness 
on tlie rough tap till I begin to see the light through it, 
Thrn I begin with the smoothing lap, and redooe it with 
floar of emery until every part of its structure is distinct. 
If I choose to polish the Gpecimen I do so on a lap made 
of pluah cloth or cotton vevet and putty -powder. I then 
float them off the slide on which they have been ground, 
and fix them on another with Canada balsam. I prefer, 
where it is practicable, to mount them in baleara under a 
thin cover in the usual way, as I am satisfied that the 
Btrnoture ib better brought out. 

In flint there are often found remaiuB of sponges, abellf, 
Diatomaceie, &e. ; but to ebow these well, sectione must be 
cat and polished by the lathe and wheel of the lapidary, 
which the microscopic student seldom possesses. Thin chip- 
pings may, however, bo ma<ie, which when steeped in tnrptn- 
tine and monnted in baleaiD, will frequently show these 
remaiuB very well. 

Teeth are very interesting objeets to all miorosoopiata, 
more especially to those who give much study to them; as 
the class of animu! raay very frequently be known from one 
solitary remaining tooth. To examine them thoroughly, it 
is necessary to cut sections of them i hut this is rather diffi- 
cult to perform well, and needs some experience. Some 
inBtmctions, howeTor, will at least lessen these difficolties, 
and we will now endeavour to givo them. 

Sections of teeth and bone may be successfully made by 
mbbing slices cot with a saw hetween two plates of gronnd 
glass, with water aud a little powdered pumice -atone, the 
old and partially worn glass being kept for tho final 

'whiBfi of tho sections. 
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It IB generally thought that Canada balsam iojures the 
Sner markings of these seetiona, conieqaentlj, they ore 
almost iiirariu.b1f mounted d^y. A thin piece ia firat cat 
from tlio tooth with the saw of watch-spring before 
mentioned, if possible; bnt sbotild tho sabatance be too 
hard for this, the wheel and lathe must be used with 
diamond dust. If this cannot be procured, there is no 
alternattTS but to rnb down the whole substance aa thin aa 
prtkcticable on aonie coarse atone or file, or best of all the 
cornndnm rubber. The surface will then be rough ; bnt 
this may be mach reduced by rubbing npon a. flat sharp- 
ening stone with the finger, or a. small piece of gatta-peroha 
upon the object to keep it in contact. The scratches may 
be much lesaeneJ by this, but not so thoroughly removed as 
microHcopio examination requires in dry sections. It must, 
therefore, be polished with the putty-powder and dry strop, 
as recommended in the working of ehell-aeotions. The 
other side of the section of the tooth may then be robbed 
down to the requisite thinness, and polished in tho same 
manner, when the dust and other impurities must be re- 
moved by washing, after which the section must be carefully 
dried and. mounted. Sometimes it may be deemed desirable 
to make a preparation of the teeth in Ma ; for this parpoM 
take the lower jaw of some animal like the rat, weasel, or 
gninea-pi^iandsoak it in absolut* alcohol first, let that ewapo- 
tato out, then soak in the solution of balsam and benzole ; 
when that has evaporated to hardness, grind down the jaw aa 
a section, the teeth are fixed in by the balaam. Some of 
these sections are equally interesting as opac[ue or trans- 
parent objects. . 

The dentine of the teeth may be decalcified by immersion 
of the sectionia dilute mnriatjc acid; after drying and mount- 
ing in Canada balsam it presents a new and interesting 
appearance, showing the eJiamel fibres very beantifiilly 
when magnified about three hundred diametMa. 
iells me that after submersion oJ t^teto'Hnle lootli. 
lie baa been able to cat aoctiona wiVV a tttioT, 
1,2 
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Sections oi Soke. — Wilh tbe aid of the microHope 

fragmentary reniaioa have proTed so nseful to the geologist 
and students of the IobbH kingdom as these. From a single 
specimen many oF oar naturallsta can tell with certainty to 
what clasa of animal it has once belonged.- To arriTe at 
this point of knowledge unch itndy is necessary, and sections 
of vaiioaa kinds ahonld be cnt in Bach a manner as vill beat 
exhibit, the pecnliarilies of formation. The methods of 
Qccompliahing this will noir be considered. It may, hoir- 
ever, bo first mentioned that the chippinga of aome bones 
will be found nsefnl now and then, aa before stated with 
flint, though this ii by no means a satisfactory way of pro- 
ceeding. Sometimes the hones may be procnred nalnrallj so 
thin that they may be examined without anjcntting; and only 
require monntiog ^r^, or in fiui4, as may be fonnd the beat. 
When commeQcing operationa we must proTide the same 
apparalna as ia needed in cntting sections of teeth, before 
described. A fine saw, like those naed for cntting brass, 
&o., two or three flat 61ea of different degrees oF coarseness ; 
two flat " sharpening " stones ; and a leatlier strop with 
pntty-powder for polishing. Aa thin a seetion as possible 
shonld first he cnt from the part required by tbe aid of tbe 
fine saw; and it is better when in thia state to aoalc it for 
some short time in camphine, ether, or some other spirit to 
free it from all grease. With the aid of a file we may now 
reduce it almost to the neceasarj degree of thinness, and 
proceed as before recommended with teeth. Tbe " sharpen- 
ing " stone will remoTe all Boratcbes and marks anffiaiently 
to allow it to bo eiaminFd with the microscope to see if it ia 
ground thin enough ; and if it ia to be moanted dry we mnst 
polish it with puttj-powder and water upon the strop to as 
high a degree as poasible, and having washed all remains of 
polishing powder, &c., from the section we must place it 
Upon the slide and finish it as described in Chapter III. 
Bat where these sections are required for mounting 
balsam a less amount of pofisft ia necessary ; thus len^erii 
tbe whole proceea innct more le^dil^ com^Vx^. 
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If tho bane is not Boffiaientlj hard in ita natnre to bear 
the above method of handliag whilst grinding and polishiDg 
— aa some are fur more brittle thBn others — as thin a section 
08 possible (DUiit first be cut nilJi the saw, and one surface 
gronnd and polished. The piece moat then be dried and 
united to the glass bj heated balsam in the same manner 
BS aliell>> &c. After which the atiperabandance of balsam 
mast be removed from the glaaa; then rnb downupoa the stone 
and strop aa before. Great care mast be taken that the canals 
be not filled dnring the procesa nith the dust of the bone, 
or of the polishing material. Dr. Beale, in the joomal of 
the Q. M. 0. takes occasion to aay " that he cannot admit 
that the best nay of preparing such sections ia bj grindinif 
down, since it is too liable to fill the canala with debrig," He 
recommends that a fresh bone be taken — and a small slice 
cnt off by a ationg sharp knife. This ia then to be im- 
mersed in carmine dissolved in ammonia — the ammonia 
being first neutralized by acetic acid. The walls of the 
reasele which penetrate the lojuma) and eanaliciili are by 
this means stained crimson, and thus the true atiucture of 
bone is rendered visible. When the polishing is completed 
the whole slide mnst bo immersed in chloroform, ether, or 
some other spirit, to relcaao and cleanse the section, when 
it may be mounted aa the one above mentioned. 

Some have recommended a strong aolntion of isinglass to 
affix the half-ground teeth or bonea to the glass as causing 
tlicm to adhere very firmly and requiring no heat, and also 
being readily detached when finished. 

The roason why the sections of bone are nsoally monnted" 
dry is that the lacimw, bone cells, and canaUctili (re- 
sembling minotc canals) show their forms, &c., very per- 
fectly in this state, as they are hollow and contain air, 
whereas if they become filled with liquid or balBara — which 
does sometimes occnr — they become almost indistlngaiahahlo. 
There are some dark specimenp, however, where the cells are 
already filled with other matter, and \t\awcfi.te m'mxA.'Csv'e.ta 
mth balsam nnd so gain a gresAer Aegtw cA \,xo.ti«^msw^ ■ 
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To obtain e, true knowledge of tb« etracturc o 
sectianB must be cut as in n'ood, both transTeriidy od'* 
loDgitadiaallj ; but witb foesil bones, ivitbout the lapidary's 
wLed, it is a laborions tofk, and indeed can seldom Lie 
properlj accomplished. lu this place, also, it maj ho 
mentioned that )>; Bubmitting bone to the action of mnriatii: 
acid dilnted ten or fiHeen times with water, the lime, &a , is 
dissolved away ind tlie cartilage is left, nhich maj be cat 
into sections : in causUc jiofas/i the aoima! matter is got 
rid of. Both of (beac preparations may be mounted in 
floid. 

The method of cutting thio sections of bone may be alsc 
employed with the stones of froit, vegetable ivory, and and; 
like substances ; many of which nliow a most iuteresting 
arrangeincnt of cclla, especially when the sections are trane- 
yerse. Moat of these objeots present a different appoaranct.' 
when mounted drij to that which they bear when in balsi. 
owing to the cells becomiog filled ; and to anire at a trae 
knowledge of them we munt have a specimen mounted m 
both ways. 

Some will perhaps remark that most of the directions for 
section catting are given to those who are totally wit:, 
artificial power, and mast rely npon their own manual eser- 
tions. I reply that these hints are mostly given to snoh ; 
bot Mr. Butter worth's directions to use the latlio are so 
ample, that a repetition of them at the mention of each class 
of " BEctiona! " sabstanoe would be mere tautology. 

To those who study polarized light, few objects are more 
beautiful than sections of the different kinds of horn. We 
will briefly inqoire into the best method of cutting these. 
There are three kinds of horn, the first of which is hard, 
as the stag's, and mast be cut in the same manner as bone. 
The second is somewhat softer, as the cow's. The third is 
another and still softer formation, as the " horn " (as it i» 
termed) of the rhinoceros. In cutting sections of the twu 
last we should sncceed host by nsing the machine inventea 
for these purposes, which I shall shortly describe when the 
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meiliod of cnttiDg wood la considered. To aid na ia thia 
when the horn ia hard il masb be boiled for a, short time in 
water, after which the cutting will he more easily affected. 
The accfione ghoiild be both transTerae aad longituduiBl, 
thoae of the former oft^n showing cells with beautiful oroasoB, 
the coloura with the selenito plate being truly splendid. Of 
this class the rhinooeroa horn is one of the beat; bnt the 
buffalo also affords a very hflndsome object. The cow's, and 
indeed almost every different kind of horn, well deserves the 
trouble of mounting. Whalebone, when cut tranaverBoly, 
strongly reaemblea those of the third and softer formation. 
All these are beat aeen when moanteil in Canada balaam, 
bnt care must be taken that they have been thoroughly dried 
after cutting, and then steeped ia turpentine. 

An interestiag object may kIso be procured from whale- 
bone by cutting long sections of the hairs of which it ia 
composed. Down the centre of each hair we shall find a 
line of cells divided fi om one another veiy diatinctly. And 
(aa recommended In the Micrograph io Dictiaoarj) if 
whaiebone be macerated twenty-four hours in a solution of 
caustic potash it vcill be aoftened, and by afterwards digest- 
ing iu water, the outer part will be resolved into nnmerona 
transparent colls, which will show more plainly the structure 
of this curiooa substance. 

An object which frequently comes to the hand of any 
man who moves about in the world is a porcupine quill. 
This is a really valuable object for the microscopist. Trans- 
verse and longitudinal leetions possess their reapective 
beauty; and their appearance variea somewhat as to the 
distance from tbt: point at which the section ia made. 
Soaking in hot water for a short time renders it easy enougli 
to cut, and when dry and mounted in balsam the student ia 
well repaid. 

In a former chapter, baira were mentioned, their many 
and interesting forms, and their beauty when nsed with 
polarized light. The sections of them, however, are no less 
a matter of study, aa thu mode of treatment opens to eight 
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the same leng'h of time, so aa to Boften and render it eujr 
to cnt SecLioQB maj tben be oblained in the msccer jast 
deacribed, but they often curl to such a degree from their 
previoaa immersioD in water an to render preBsure necessary 
to flatten them until dry. Tbey are often mounted dry, 
and reqaiie no care beyond other objects, as in Chapter 
III. Some, however, are best monnted in balsam, par- 
ticularly tho long Bectiona when used fur the polaiiEcope; 
these nraat be aoaked in turpentine, and the greatest care 
taken thut all air-bubbles are removed. Others are thought 
to be moat OBefnl when monnted in ahallow cells with some of 
the preservative liquids mentioned in Chapter T.— weat 
spirit and water, chloride of calcium Bolation of the strength 
of one part of the salt to three parts of distilled water, &c. 

The ahore " eeciion-cutter" may not be within the reach 
of every sLndent, nor is it absolntcly necessary ; thongh where 
any great nuinhi^r of apecimens is required it iu rery usefal, 
and inanres greater uniformity in the thickness. Many 
employ a razor for the purpose, which must always be kept 
sharp by frequent stropping. Sections of leaves also may 
be procured by the same meana, thongh, ashefore mentioned, 
they ars BOmetimca divided by stripping the ooatinga off 
with the fingers. The cells which come to sight by cutting 
tome of the orchideous plants are moat interesting. To out 
these leaves they may be laid upon a. flat piece of cork, tbos 
exposing tho raior to no danger of injury by coming in 
contact with the Bnpport, It may bo mentioned here that 
the rasor may also be used in cutting Beotions of the rnah, 
than which a more beautiful object can scarcely be found 
when viewed transveraely, as it shows the stellate arrango- 
merts of the pareochyma. This should be mounted dry. 
In the same way eections of the leaf- stalks of ferna may also 
be cot, some of which, as Dr. Carpenter states, show tho 
carious ducts very beaotifnllj, especially when cut rather 
obliquely. 

It has been found a ready method of cnttiog sections of 
the rush and such like plants, to suck a solution of gnm op 
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into the pitli, and nbea tbis is dry thin Bootiong could be 
ont and the gnm washed out Bgaio, and these ooold be 
mounted in balsam. 

The plan adopted by most practical histologistB for ont- 
ting aectioDB of soft tiaaaes ia as follows : — The tissue to be 
cot is first hardened hj immersion in a chromic aoid eola- 
tion varying in atrangth from 0'25 to 2 per cent., or by im- 
moraion in alcohol. The BabBlanco to bo cut may then be 
embedded in melted war and spermaceti, in proportions 
snitable to the nature of the substasce to be cat ; when 
this IB cold tho section may be cnt with a. razor ground 
flat on one side, and may then be floated off in Bpirits of 

These eeotiona mount very well in Canada ImlaBm, if 
after being removed from the spirit they are immersed in 
oil of cloves till they bejome clear, Ihen put into turpentine 
before the balsam, The thinness of the section will depend 
very much on the deiterity of the operator, but section- 
catting instruments for soft tissaeB can now bo obtained at 
inost scientific instrnment shops, 

When sections of softer substances are required, no instm- 
ment can be oompared with " Valentio'a knife," which con- 
sists of two steel blades lying parallel with each other and 
attached at the lower end, Tho dietanoo of separation may 
be regnlated at will by a small screw near the handle. 
When, therefore, a section is wanted, the snhstence mast 
1)e cut through, and betwixt the blades a tbiu strip will be 
foond, which may he made of any thickness, according to 
the diBlance of their separation. By loosening the screw 
the blades may be extended, and the section may be floated 
out in water if the damp will not injare it. The knife cnts 
maoh bettor if dipped in water or glycerine immediately be- 
fore use, and also when the substance to be operated npon 
is wet, or even under water altogether; but care must be 
taken, ailer use, to clean the blades thoroughly and oil them 
before laying by, if tho place ia at a.U iam-^, TL\i\^ X^*:™.- 
meat is most useful in sncb 9u\»eclB a.« b.-qu.Vq^v^ -^c^iwa.- 
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tionB wlere the eectioDB aie rcqaired to show the poaitioa 
the different veBaela, Ac. ; bnt, as before stated, is varj vala- 
nble for all soft sabataQces. As an ioHtance of thia. it may 
be mentioned, that it is freqaently need iu cntting sections 
of spoDgea i but as these are often very fiill of spieola, 
it is mnch better to press the sponge flat until dry, and theii 
cot off thin ebavinga nith a Terj sharp knife; Uiese ahav- 
. ioga will expand vthea placed in water. After this On 
may be laid betniit two flat snifacea and dried, 
may be mounted aa other dry objects, or, when desirable, 
bslsBm. 

Valenlin't knife is very mnch used in taking sections 
kJD, nhich are afternards treated with potash solaldoD, 
icida, &c., to bring ont in the beat way the different por- 
tions. Dr. Lister's mode, however, of getting these is thus 
given in the Mk-roecoptc Journal : — " Bat I afterwards 
fonnd that much better sections could be obtained from 
dried specimens. A portion of shaved scalp being placed 
between two thin slips of deal, a piece of atring is tied 
round them so as to exercise a slight degree of compression j 
the preparation is now laid naide for twenty-four houTS, 
when it is found to be dried to an almost horny condition. 
It then adherea firmly by its lower surface to one of the 
Blips, and thna it can he held securely, while eitremel/ thin 
and equLible sections are cnt with great facility in any plane 
that may be desired. These sections, when moistened with 
a drop of water and treated with acetic acid, are as w^ 
" suited for the investigation of the muaonlar tiaaae " " "' 
- had not been dried," 

There are many who almost confine their cttentinn 
polarized light and its beantifnl effects. Such would 
deem theee efforts to aid the stodent in cutting ssctioi 
complete, withont aome notice of those which 
from various cryatals, in order to display that c 
heautifn! phenomenon, the rings with a croaa. The arrangt 
ment of these is somewhat changed by the crystal whi ' 
Affords the seotjon ; bat nitrate of potash gives two sets 
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rings iritL a ctobb, the long line of which passes through 
both, the short line dividiog it in the niildlc. 

The procEBs of cutting these sections is rather difficult, 
but a little care and peraoTerance will cooqaer all this. The 
following is extracted from the Encyaloj^ctdia MelropaUtana : 
" Nitre crystallizes in long aii-aided priaras whose section, 
perpendicular to their sides, is the regular heiagon. They 
are generoUy very mnoh inteimpted in their slroctnre ; but 
bj turning over a considerable qaantity of the ordinary 
saltpetre* of the shops specimens are readily foand which 
have perfectly transparent portions of some eitent. Select- 
ing one of these, cat it with a knife into a plate above a 
quarter of an inch thick, directly across the axis of the 
prism, and then grind it down on a broad wet £le till it 
IB reduced to about one quarter or a siith of an inch thict, 
smooth the surface on a wet piece of emeried glass, and 
polish on a piece of silk strained very tight over a strip of 
plate-glass, and robbed with a mixture of tallow aod colco- 
thar of vitriol. This operation reqnires practice. It cannot 
he effected nnless the nitre be applied wet and rubbed till 
quite dry, increasing the rapidity of the friction as the 
moisture evaporates. It must be performed in gloves, as 
the vapour from the £ngers, as well as the slightest breath, 
dims the polished snrface effectually. With these precau- 
tions a perfect vitreous polish is easily obtained. Wo may 
here remarlc, that hardly any two salts can be polished by 
tlie same process. Thus, Bochello salt must be finished wet 
on the silk, and instantly transferred to soft hibnlons linen 
and rapidly rubbed dty. Biperience alone can teach these 
peculiarities, and it is necessary to resort to contrivances 
(sometimes very strange ones) for the purpose of obtaining 
good polished sections of soft crystals, eapeoially of those 
easily soluble in water. 



* SometitnoB the Baltpetra at th 
ia is slightly dtiliquBHoeiit, it It " 
tralo of potaih, which is Irea ri-om 
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' Tlie nitre is thus polished on both ita aarfaeea, vrhieh 
•hould be brought aa near aa posaible to paralleliam." 

Some scotioDS of the Datnrally fonued crjatals alao shotr 
10 "rings" very well, — as Iceland apar, which gives j 
«Dgle ring and cross ; bat tha diffioultj of cntting i 
polishitig them is almaat too great for the amateur, t 
moat be lefl to tLe lapidarj, Thia carioaa phen 
however, may be aeon by using a plate of ice uninterrupta 
formed of about one inch in tkicl;nesa. 

Before concluding these remarka on seationa, I mnst n 
tion a, k\r difficulties which may bo met with, and th j 
remedies. The foremost of these ia the aoftneaa of » 
objects, which have not resistance enough in themaelvasf 
bear cottiog even with the aharpeat inatrnmente. This n 
often be removed by aoakiug in a solution of gam " " _^ 
drying, which will render the aubstanco firm enongh to ba 
cut, when the sections mnst be steeped in water, and the 
gam thus removed. Small seeda, &c., may he placed in 
wax when warmed, and will be held Grmlj enongh when it 
13 again cold to allow of them being cat ioto sections.* 
And, lastly, where a aubatitato for a microacopist's hand- 
vice i3 required, a cork which fits any tube large enough 
may be taken and split, the object being then placed between 
the two parts, and the cork thrust into the tnbe, a snffioient 
degree of firmness will be obtained to resiat any necessary 
catting. 

■ Mr. T. K. Parker informB mo that he uees paraffine m an " ob. 
ioot-Biipport " whflD BBotioDB RTB required, as follows ;— " The mixturo 
1 oae for embeddios objects coiiBtatB of Eo)id pnrndiiie (ordinary puaf- 
liDB eandlos will do very well) maltod d ' —' — ' — '"- - ""'- 
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The miitUTB when cold is cuC into suitable pf< 

out in Iho eontre, the object to be cut piaoed in it, 'and 

molted miiture pourod rouad it. The mctiona ore out 

nuy msor, wbicfa, as well na tha object, must be oonti 

with spirit. This Tuetbod is useful for all objeots whiah me mmer ma 

small for the hand or tim soft or brittle to bo out in tha ordinnry way. 

It la eaplcIsUy useful Tor hlstologieal speoimens, leaves, ambrToa, 
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The ether procesa of drymg tissues baa been described by 
Mr. Suffolk, at a meeting of the Quekett Microscopioftl 
Club, and was communicated by Mr. Crooter to him — it is 
aa foilowa ; — A wido-moutbed well- stoppered bottle must be 
selected. At the bottom is placed a slice from the bcrnl of 
a tobacco-pipe, forming a support for a Berlin crucible wit!i 
its cover. A quantity of fused chloride of calcium in frag- 
ments ia placed at the bottom of the bottle, which is nearly 
filled with pure etber, so that the crucible may be covered. 
The tisEue to be dried is placed in tbs crucible, and is covered, 
if neceBsaty to keep it from iloaling, by a, pieco of glass. 
The ether takes water frum the tissue, and the chloride 
again takes it from the ether ; so that the section ia thus 
gradnBlly dried, and with aa little ehrinking as posi^ible, 
however deticuto it may be. This process is most fitted for 
the preparation of succulent roots, tnbera, or sterna, and in- 
deed is only fit for those tissues which are not injured by 
immersiun in ether, or diBsolved by it, such, as fat, &<:., or 
colonring matter. 

Dissection. — As I stated at the commencement of thia 
chapter, no written instructiona can enable any student to 
beoome an adept in this branch without much experience 
and no little study. I will, however, describe the neceasary 
apparatus, and afterwards mention the mode of treatment 
which certain objects require. 

A different microscope is manufactured for the purpose 
of dissection, most first-rate makers haviog their own model. 
- The object-glasses of many of tbeae are simple, and oouse- 
quently not eipensivo; but one of the great requisites ia a 
stage large enough to hold the trough, in which the opera- 
tion is often performed. Where this ia the case it would 
scarcely be worth the expense of getting a dissecting micro- 
scope if the student were pursuing no particular study, 
but merely need the instrument when an object fo be 
operated upon turned up accidentally. The ordinary form 
ia much improved for this purpose, by having two wooden 
rests placed at the sides of thn mieroscope, upon which the 
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hands maj be snpported when workuig opon the slag*. 
They eboald bo weighty enoagb to be free Irom dninger of 
moving. These sopporte will also be found to remedy 
much of the weariness which inevitably arises from hariDg 
to HDatain the hands as well as work with them. The 
erector, as I before obseTved, is necessary to a yonng etndect; 
but with a little practice ho roay work very well without it. 

We will now notice uome of the inBtrnments which are 
most useful in dissection. Two or three different sizes of 
ordinary sciBsora should be poseessed, bat the ahapea moat 
be aa modified in others for many pnrijoses, as those used by 
snrgeons ; a pair with the cutting parts bent in a hori- 
Eontal direction, and another pair slightly onrred in a 
perpendicnlar ; so that parts of the substance operated apoD 
may be reached, which it wonld be impossible to tonch with 
atraight scisaors. One point of these is sometimes blunt, 
and the other acnte, being thna made very useful in opening 
tabular formationa, Another form of these is made, where 
the blades of the sciseors are kept open by a spring, the 
handles being pressed together by the fingers. Where it ia 
desirable, one or both of these handles may be lengthened to 
any degree by the addition of small pieces of wood. 

The Knives which are most useful are thase of the, 
sraalleat kind which snrgeone employ in very delicate opei* 
tiona. These are made about the length of an ordinaje 
pen-knife, and are fixed in rather long flattish handle 
some are enrved inwards, like the blade of a scythe, oth< 
backwards ; some taper to a point, whilst other 
broad and very mnch rounded. Complete boxes i 
now fitted up by the cnllera, of eicelient quality and m 
prisiaglj cheap. 

Needles. — These are very nsefal and should be firmly 
fixed in handles as recommended in Chapter II. It is con- 
venient to have them of various lengths and thicknesses. If 
curved by heating and bending to any required shape they 
may be re-hardened by putting them whilst hot into cold 
water. Dr. Carpenter tt\tto makea «4^ei. ■««\T'o,iaw>.\ft\rs 




robbing donn needles Dpon a. bone. Thej are more pleasant 
bi work with when short, as Ibo epcing they have whilst 
long robs tbem of mocli of their firnmeBS. Glaea pointa 
made hy drawing ont gWa roda to a point will be found 
aaefal in ciftnipvlatiitg with acids. 

A glass syringe is also uBeful in many operations, serring 
not only to cleanae the objects bat to add to, or wichdrair 
liqnida from, the disseding-irough. This troagb wiU now be 
described, as many Gabstaoces are so changed hj becoming 
dry that it is imposaihle to dissect them unless they are 
immeraed in water dnring the operation. If the object be 
opaque and mast be worked bjreHected light, a small square 
trough may be made to the required size, of gutta-percha, 
which substauce will not injure the edge of the knives, &o. ; 
bnt where transparency ia necessary, a piece of thin plate* 
glass must be taken, and by the aid of marine-glue (as 
explained iu Chapter Y.) sides affixed of the required 
depth. As pins, &e., cannot be used with the glass troagha 
aud the substance must be kept extended, a, thin sheet of 
cork loaded with lead in order to keep it nudcr water may 
be used ; but this, of course, renders the bottom opaqne. 
When working with many thin substances, a plate of glass 
three or four inches long and two wide will aerve every 
purpose, and be more pleasant to use than the trough. A 
drop or tmo of water will be as much liquid as is needed, 
and this will lie very well npon the flat surfaoe. As these 
are the principal apparatus and arrangements which are 
requisite in dissection, the method of proceeding in a few 
cases may now bo noticed. 

Vegetables. — The dissection of vegetable matter is much 
less complicated than that of animal; maceration in water 
being a great assistant, and in many caaea removing all 
necessity for the use of the knife, especially if hot water can 
hs used without iojury to the objects, as is the case with 
many. This maceration may be aasiated hy needles, aud 
portions of the matter which are not required maf be re- 
moved by them. When, for instanco, the spiral vessels 
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whiah are found in ilmbub aro wanted, some , 
taining tbeso are chosen and left in a Hmall quantitf aM 
water until the mass becomea soft, and tliis is mc 
efieoted when the water is not changed. The masa must 111 
then placed upon a glaaa plate when practicable, c 
trough when large, and with the aid of two needles tl 
matter ma; be removed from the spiral Teaaele, nhich s 
plainlj Been with a comparatiTely loir power; and bj<M 
Toyiog theae to a clean slip of glass, repeating the ptoo 
and at last washing well, good apecimena may be proeoiel 
Most of these ehonld be monn ted in aome of the preaemtiM 
liquids in the manner described in Chapter V. Maag 
however, may be dried on the slide, immersed in tnrpeiitii 
and then mounted in balsam ; but liquid is preferable, a 
best preserves their natural appearance. Certain kinds <^ 
vegetables require a diiferent treatment to Eeparat« tlieH^ 
apiral veseela. Aaparagua ia compoaed of very bard vegetablfl 
matter, and aome have recommeuded the stems to be first 
boiled, mhicli will soften them to ench a degree that thej 
may easily be separated. Ditnte acids are also occasionallf 
nsed to effect this ; and in some instances to obtaio tluA 
raphides caustic potash may be employed ; but after any tiH 
these ageuta have been nsed, the objects mnst bo thorongl^H 
cleansed with water, else the diEseoting inatrnmeuts (ufl 
perhaps the cell) will be injured by the action of the HV 
maining portion of the softening agent. V 

JPor the dissectioD of animal titeuee it is necessary thMfl 
the iDBtrumeots be in the best order as to sharpnesB, ^fl 
as the rnles to be obseiTod must necessarily be bouimI 
what alike in many instances, the treatment required 1m| 
B of the objects most frequently mounted will now bM 
described. We may here remark that cartilage can llfl 
best examined by taking sections which wilt show the OlB 
rangement of the cells very perfectly. This, however, ^M 
plainly seen in the mouse's ear without any section beioH 
nooeKearj, Glycerine, the preserTative liquids before ™<^| 
tiooed, and Canada balsam, btb b?^ -amiL \<i -roovD.Si^^l 
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bnt perhaps the firBt-named la&j he preferred in inaQ; 

Before treating of aeparale objecta it will be well to notice 
what M. Bninetti haa said on preparing anatomical ipeev 
7neni. The procese oonsiats of four Btagea — viz., wasbing, 
diveBting of fat, treating with tannin, and deaic^tion. A 
stream of pure water is injected throagh the blood-Tessels 
and BEcretorj dncta of the part to be preserved; the water 
h afterwarda eipclled hj means of alcohol. To remove the 
fat, the yessela are in lite manner injected with ether, 
which penetrates the tissues and diaaolrea all the fatty 
matters. These operations oi^cnpj about two houra, end 
the object thos prepared may then be kept for a long time 
in ether, if deaircd. A solution of tannin ia next injected 
ill a similar manner, and the ether washed ont by a stream 
of pure water. The preparation ia then placed in a donble- 
bottomed vessel containing boiling water — a sort of bain- 
mans — in order to displace the finid previously used bj 
dry huated air. Air compreaaed in a reatrToir to about 
two atmoapheres ia forced into the vesaels and dacta 
through heated tubes coutainiug chloride of calcium : all 
muiature is thns expelled and the process is completed. 
The preparation thus treated ia light, and letaina 
ita volume, its normal consistence, and all its histological 
elements. 

Muscle. — This is what ia commonly called the flesh 
of animals. If a piece be laid upon the slide under the 
microscope, bundles of fibres will be perceived, which with 
needles and a little patience may bo separated into portions, 
some of these being striated, or marled with alternate spaoei 
of dark and light. Some of the nan-striated or »mooth clasi 
(if muscle, BTieh as is fonnd in intestines, may be prepared 
for the microBcope by immersing for a day or two in nitric 
acid diluted with three or four parts of water, and then 
lieparating with needlea and monntin(r as soon as possible. 
Sometimes builtng is resorted to to facilitate the separa- 
tion, and ociasiona little or no alteration in the malerial. 
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Specimens are often lakra from the Jroy and thepii/, u 
being amungst the l>eat, IJoiidb'/t Solution being generally 
ns<!d in mounting them. The moBcles of insecta alao ahow 
the stria rery perfectly. 

C1BB^'z-TISS1^t. — This ia seHonv mounted; as Dr. Carpenter 
obterres, " no metliod of preaerring the cerre-tisstie hoB 
been devised which makes it worth while to tooant pre- 
parations for the sake of displajing its minute eharactera," 
bnt we will Dtentioa a fevr partisalara to be observed in it^ 
treELtment. The nerve ehonld be taken from the aniroal aa 
goon as possible after death, and laid npon a glaaa eli^ie, 
with a drop or two of sernm if possible. The needles may 
be used to clean it, bnt extreme delicacy is neceBBaiy. It 
will be found that the nerva is tabular and filled with a 
■ubalance which is readily ejected by very slight pressnre. 
When the nerre is sabmitted to the action of acetic acid, 
the onter coveriog, which is very thin, is considerably coa- 
tracted, whilst the inner tnbe ia left projecting ; and thna is 
moat distinctly shown the nature of the arrangement. Dr. 
Xiockhart Clarke, who has made great researches into the 
stmcture of the spinal cord, gives a part of his experience 
aa follows .- — He takes a perfectly fresh spinal cord and 
submits it to the action of strong spirits of wiDe. This 
gires the substanee sacli a degree of hardneas that thin 
aectiona may be readily cut from it, which should be placed 
upon a glass in a liquid conaieting of three parts of spirit 
and one of acetic acid, which renders them very distinct. 
M. Grandry has treated nejve-lMue thns : — Taking 
portions of nervous tissue obtained from the frog and rabbit, 
he placed them in a one-foarth per cent, solution of nitrate 
of silver in pure water, macerating them for five days in the 
dark, and then exposing them for three days to brightiight. 
Jf the surface of the cord thus treated be carefully teazed 
out with needles, the axis-cylinders are found to exhibit a 
very regular and sharply defined transversa striation — clear, 
QDstained afris alternating with deeply tinted ones. Dr. 
Bastian recommends us to mount delicate specimena of 
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uerre^tisEae in a mixture of glycerine and carbolic acid in 
the proportion of fifteen of ths firat to one of the aecond. 
To mount theae sectiona, tbey moat now be steeped in pore 
spirit for two honrB, and afterwards in oil of tnrpentiue, and 
lastly maet be mounted in Canada balsam. 

Dr. Lionel Beale recommenda the ase of chloride of gold 
for colouring nerve fibrea. A solution containing from 2 to 
1 per cent, in distilled water should be made. The tisBDO 
having been soated in it until it becomes straw- colonred, is 
to be washed, and then placed in verj dilute acetic acid 
containing one per cent, or less. The nerves eibibit a blue 
or violet tinge on exposure to light for a few boars. He 
speaks also of soliitioa of osmio ncid for the same purpose, 
1 part to lOO of water, bnt not with nmch approval. The 
aniline colours, saoli as magenta and solferino, may, accord- 
ing to the same authority, be also employed for most tissues. 
They are not very solable ia water, bnt are readily dissolved 
by alcohol. A grain of the colour, 10 to 15 miuiais of 
alcohol, and an ounce of distilled water, make a dark red or 
bine (pnrple) solntiou wbioh colours tissues very readily. 
For these and many other naeful formalse for the same pur- 
pose, the reader may consnlt " Beale on the Microscope." 

Dr. Klein, in No. 40 of the Monthly MicroKopical Journal, 
in order to demonstrate the nerves of the cornea, takes that 
of the rabbit or guiuea-pig, a, quarter or half an hoor after 
death, and places it in a half per cent, solution of chloride 
of gold, for from one and a half to two hours — that of the 
guinea-pig for an honr to an honr and a quarter. After 
that, the cornea is washed in distilled water, and esposod to 
the light in distilled water for from 21 to 36 hours (the 
water being changed twice, or oftener). After this time has 
elapsed, the cornea is transferred into a miitore of one part 
pure glycerioe and two of distilled wnter, where it remaiue 
for two or three days. Dp to this time the cornea has not 
assumed a darker colour than ash-grey, perhaps having a 
violet tint ; at all events the whole of the cornea is trans- 
jmrent. It is then braabed over on its anterior sarfooe 
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under water with a fine camel-hair brash »ery gently, 
» remoTe the precipitatea of the gold salt. SectiouB ofj 
wroea ao prepared may be made on the finger by 
razor, and muat be eiarained and kept in gljcerine, 

LiTBB, KtDNBT, Spleen, Luno, &c. — Soma parla wl 
ITO too soft to be cat into sectiODS in tbeir ordiaary Bt&te, 
are osnally hardened by being Bleeped in a aolotion of 
chromic acid, abont two graios to an ounce of water. This 
will take some weeks according to the anbatance, and the 
lolntion shoald be changed now and tlien. Br. Baslian, for 
moQnting, nses Canada balsam partially dried to dispel tbe 
iorpentine, and then dilated to necessary conaiBtence witli 
benzole. The section being ont from the hardened oi^an "" 
w&abed in spirits of wine for some minntes, then a drop 
Kqnid carbolic acid is placed on the sli3e where thi 
men is to be monnted. Take the specimen and let its 
toDch a piece of blotting-paper, aad place it npon 
carbolic acid, which will render a thin section tranaparetit 
'in about a minnte. Remove the snperflaons ncid with 
bbtting.paper, when two or three drops of chloroform moat 
be poured npon the section and remain one minnte. Drain 
S and plico npon the object the solation of Canada balsam 
a benzols, and apply the thi a glass cover. Or place the 
object in ordinary spirits of wine for abont a minute to wash 
it, then remove into absolute alcohol for five miootes. Lay 
it upon the slide and drain, cover with one or two drops of 
benzole for about a minnte, tilt to drain aS, and proceed a^ 

Sotb these methoda are good, bnt the first does 
alnajB answer for sections oF liver, as they generally 
acted npon by carbolic acid ; bnt few other tissues are t 
affected. Tinted specimens seem equally safe when moan 
'n this way. 

Sectio.vs op Bitiis iSD Spinal Cobb,— Dr. Baati 
fives his experience of these bisiioes as follows : — I ii 
section for abont ten minntus in absolute alcohol 
^•Uj eight per cent, of watei, ttien ^\wki -o^a "d 
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slide, and before it becomes drj pour over it tno or three 
dropa of pyroacetio acid for about balf a niinnte. Tilt tbia 
off and roplace by obloroform. Watch the effects, as before, 
under the microscope, and tben cover nith the Canada 
balsaca solution aod finiab. These epeoimens, however, are 
not alwaja permanent in their oppearanoo, according to tlie 
resDlts of some. 

Mr. Alit-ed Sanders gives bis experience as differing some- 
what from this. He says — The brain, or other Btruotnre, 
being, as naaal, hardened in chromic acid, the section is pat 
for a short time ia spirits of wine, and thence transferred to 
the creosote, which makes it transparent in a few minotes, 
when it ia placed in Canada bal.iam. The balnam will mix 
easily with the creosote, or the solation in benzole may be 
employed. 

Teacher or Iksbcts, rSce. —The natnre of these was de« 
scribed in Chapter lY., hot the method of procuring them 
was not explained, as this clearly belongs to dissection. 
The larger tabes are readily separated by placing the ineeot 
in water, and fixing as firmly as possible, when the bodjr 
mast be opened and the viscera removed. Thetrachem may 
then be cleaned by the aid of a camel-hair pencil, and 
floated upon a glass, where they must first be allovred to dry, 
and then be moanted in balsam. Mr. Queki^tt gives the 
following method of removing the traohea from the larva of 
an insect: — " Make a small opening in its body, and then 
place it in strong acetic acid. This will soften or decompose 
all the viscera, and the trachem may then be well washed 
with the syringe, and removed from the body with the 
greatest facility, by ontting away the contieetiona of tho 
main tubes with the spiracles by means of 6ne-pointe(I 
scissors. In order to get them npon the elide, it must bo 
pat into the floid, and the tracheal 9i)ated opon it; after 
which they may be laid out in their proper position, then 
dried and monnted in balsam." If we wiBh them to bear 
Iheir ni/ural appearance, they totijA. \)a nio^i'cv'wA. "■*■■& ^ '^'Sv 
with Oo&dbj'a fluid ; bat Ibe attactata i» ao''ftB^i.«Le» -^*i 
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n Id ipecimeos ntountod drj. As before tneDticm^ 
thesu traches terminate oa tbe outside id openings termed 
■pimcIeB, which are round, oblong, and of variooB shapes. 
OvertheBB aregeuerallj a qnantitf of miuntehaira, foroiinga 
gukrd against the entrance of dust. The forma of theeB we 
utdota alike in two different kinda of insects, bo that there 
u hwo a wide field for the stodent. The dissaction, mora- 
o?er, ii Tery easy, as they may be cut from the body with 
a sharp knife or BciasorB, and monntcd in balaaim or floid. 
Uany of the larva) afford good epeoimene, as do also some 
of the common Ooleopterons inaeots. Perhaps, no more 
satisfactory object can be met with to give the stndent good 
examples of qtirad<:3 than the water-beetle Dytiecns, before 
mentioned, as affording such perfectly beautiful euokers. 
They will bo found to vary in appearance according to the 
part of the body from which ijiey are taken ; bnt all are 
equally interesting. 

Mr. Lewis G. Mills, LL.B., gives the following account of 
hia eitracting tbe poiaon glands from a spider; — Having 
killed a large spider with chloroform, I left it in water for 
seven or eight days. This treatment usually softena the 
outer skin of insects and caoEes the viscera to swell, so as 
ta burst through the outer integument, and it is in this 
etatc, {icrhnps, that the poison, gtamit are moat easily dis- 
covered nnd traced to their points of attachment. I then 
drew tbe mandibles from the body, and, having placed 
them with a little water on a slide and covered them with a 
piei-a of thin glass, I found that, npon the application of 
pressure, the two glands shot oat and protruded from the 
I a«M of the mandibles. I tore open one of the mandibles 
Witli DtMdloa, so ■■ to disturb the gland as little as possible. 
The gland Ihen appeared as a olosed sac, attached by a 
hollow eord, kbont tlie length of the gland itself, to the base 
of tko fkng, wherj also was a large bundle of muecnlar 
tbro. a 

ITl*!!.— Tho moat iuterMting part of fish to the miorfH 
lOppio ADktoraiBt is nndoubtedlj tbe brealhing appajut4iH 
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It is not s, very difficult matter to open the head an 
the gills, wbioi are very beautiful. Under the outer covers 
lie a quantity of thin plates or leaves (as of a book) which 
in different fiahes are of varioos Bhapes, bat are made like 
net-work by the nnmerous veins and arteries which convey 
the blood to be acted npon by the air and gaaes in the 
water, as is doue in the lungs of a man. These plates are 
of Bnch numbers that in a good-eized salmon the eorface 
exposed has been estimated at two thonsand square inches, 
i.e., abont fourteen sqnare feet. The beauty of these is, 
of course, not jterfectly shown until they arc injeeted, which 
will be noticed elsewhere. 

Tongues, oa Palateb, of Molluscs. — Of tha natnre of 
these, Dr. Carpenter gives the following description; — "The 
organ which ia commonly known under this designation is 
one of a very singular nature ; and we ebould be altogether 
wrong in conceiving of it as having any likeness to that on 
which our ordinary ideas of such an organ are founded. 
For, instead of being a projecting body. lying in the cavity 
of the mouth, it is a tnbe that passes backwards and down- 
wards beneath tho month, its higher end being closed, 
whilst in front it opens obliquely upon tha floor of the 
mouth, being, as it were, slit up and spread out an as to 
form a nearly flat surface. On the interior of the tnbc, as 
well as on the flat expansion of it, we find numerous trans- 
Terse rows of minute teeth, which are set upon flattened 
plates ; each principal tooth sometimes having a basal plate 
of its own, whilst in otjicr instances one plate carries 
several teeth." These palates, or tongues, differ much 
amongst the Qasteropods in form and size, some of them 
being comparatively of an immense length. Many are 
amongst tho most beautifnl objects when examined with 
polarized light. They roust, however, be procured by dis- 
eection, which is usually porfurmcd as follows : — Tbe animal 
is placed on the cork in tiie difsectlng. trough before men- 
tioned, and the head and forepart cut open, spread out, and 
firmly pinned down. With the aid of fine scissors or knife. 
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these atrnctareB ooDstitute the whulc of Ihe suUve part 
the liDgaal apparatns. 

But the peculiarity of the toothed membrane, nhich 
makes its Dame of ribbon so appropriate, is, that there U_ 
alnays a canBiderable leogth of it behind the month, 
fectlj formed, and readj to come forward and supply 

' place of that at the front, which ia ooDtiDnally nreariog 
by ».c. 

Id the limpet thia reaerve ribbon is of great Iadl 
being nearly tmce aa long as the body, and the whole of 
is eiposed to view on simply removing the foot of thi 
nothing, then, can be easier than to extract the tongue 
" e common limpet. But, unfortunately, what you find in 
e kind of moUnsc ia not at all what yon find in another. 
In the Acmsas, for instance, which are very aloaely related 
to the limpets, and have ahslla which cannot be dUtiagnished, 
the reserve portion of the ribbon has to be dng ont from the 
enhstance of the liver, in which it is imbedded, that organ 
g, as it were, stitclifd completely through by a long 

loop of it It might be thonght a comfortal"" 

reflection that, at all events, one end of thi 
fllffays bo fonnd in the month ; but in many cases tliia 
abont the worst place to look for it. Perhaps it may appf 
strange that in some of the smaller species, with a retrac ' 

, trnnk, a beginner may very likely fail altogether : 
attempt to find the month ; if, however, the skin of thi 
' e removed, commencing just behind the tentacles, there 
be very little difficulty in mating ont the trnnk, which 
contains the whole of the ribbon, as in the vvhelk, c 
front part of it, na in Fiirpura and Marex, where a fr 
ooil is also seen to hang from its hinder extremity. . . , 
In the p^riwinklea the aame plan of proceeding, by at 
opening the bock of the animal, is best ; and on doing 
the long ribbon, coiled up like a watoh-Bpring, cannot fail 
be fonnd, 

" In the TrochuBes, and indeed in all the SeuHbraneltiala, 
one point of the Bcissors should be introduced into the 
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mouth of the nnimal, Bcd an inciaion made dircctlj bock- 
warda in iba middte line above to aonie distance lieliicd the 
tentacles ; the tongne ia tVieii imtnediatelj brought into view, 
Ijing along the floor of the moulh." 

Dr. Aloock's method of disaection will be fonnd to differ 
in Bome degree from the genecal rales before given; and 
when the tongue ia dissected oat he naahea it for one hour 
(shakiDg it now and then) in a weak Bolntioa of potaah. 
After cleaning tboronghl^ in water, it maet be mounted bjr 
one of the methods before mentioned. 

Mr. Edwards, of New TorV, no mean anthoritj, gives his 
experience as follows : — I use a rather strong BolatioD of 
caustic potasaa, the strength of which I cannot specilj as it 
must differ with the species nnder manipulation, as soma 
ribbons (oc tongnes) are injured much sooner than others. 
Plunge the whole animal in this solation ; in the caee of 
very small creatures shell aud all. I have fonad it better 
to let the animal stand until it dies and begins to decom- 
pose, when it can readiljr be removed and falls in pieces. 
The lingual ribbon is not so easily decomposed. Now place 
and leave the animal in the potassa solution for some dajs, 
or boil at once. Almost everything is now dissolved but 
the shell, some few fragments, and the desired ribbon. 
Wash carefiillj with fresh water, and if it is to be preserved 
before mounting, remove to alcohol. To mount it, remove 
from the spirit and boil a short time in turpentine, when it 
can be pot up in Canada balsam. Mr. May expresses bim- 
aelf as "$tandmg utterly aghast" at any man so interfering 
with nature as to put up these objects in balsam, thus 
pressing and destroying their trne forms. He recommends 
a cell and a weak form of Goadby'a solution. 

Amongst insccta, especially the grasshopper tribe, are 
fonnd many which possess a gizzard, armed with strong 
teeth, somewhat similar to those of the mollnscs. It 
requires great nicety of manipulation to obtain these for tha 
microscope; hat Mr. L, Q. Mills, before quoted, gives tho 
following instructions ; — Kill the insect with chloroform and 
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, pl.ioe it in a TesBel of water. Hold it down firmly with a 
puir of tneczere, and with the- back of a dissecting knife 
draw the head steadily fiom the body. The bead brings 
with it the etomacb, gizzard, aad chief portion of the digestive 
tabes. Place all these under a disBecting microscope, when 
the gizzard, being Just below the stomach and darker in 
coloar, ia easily diEtingaisbed, and may be separated by two 
cats with the knife. It then forms a short tobe, the teeth 
being inside. The openiag-ont of this tube, especially if it 
be email, requires delicate handling: if the point of a line 
knife can be fairly inserted, then one firm cut downward 
npon the glass will lay open the gizzard. Here great care , 
is needed; and sometimes it is well to put a, fine needle np J 
the tabe, and cut down npon tha needle. Among thn 
small weevils the membrane is delicate, so that great oarM 



We have now considered most of those objects whicM 
require any pectiUar treatment in section -cutting, &a, ; bnCN 
in no branch of microscopic manipnlation is experience n 
K necessary than in thia. 
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1. Ikjectioh IB the filling of the artcriea, veinB, oi other 
vessels of animals with some coloured BubatBDce, in order 
that their natural arraDgement any be mads viaible. Thia 
is, of coarse, a delicate opemtioii, and needs special appa- 
latos, which I will now attempt to describe. 

2. Sy^-iTire. — Thifl ia nanally made to contain aboni two 
oances. On each side of the part neit to the handle is a 
ring, so that a finger may be thruat through it, and the 
thnmb maj work the piston as in aa ordinary syringe. 
The plag of the piston mnat be packed with soft leather 
well oiled or greased, in order to free it from all danger of 
any liquid penetrating it, and fit bo closely as to be perfectly 
air-tight; and if, wheo it baa been nsed awhile, it ia foand 
that some of the liquid eaoapea past the plug into the hack 
part of the body, it must be repacked, which operation will 
be beat understood by namimng the part. These ayringeB 
are made of various sizes, bat in ordinary operationa the 
above will be all that is needed. The nozzla ia about an 
inch long, and polished so acanrately that there is no escape 
when ihepipei are tightly placed upon it dry, 

3. The pipe& are usually about an inch long, to theii i 
ends are affixed thicker tubes so as to tit the nozile, u ] 
before mentioned, whilst a ehort arm projects from each 
side of these, so that the silk or thread which is used to tie 
the artery upon the thin pipe, may be carried ronud these 
arms, and all danger of slipping off prevented. The pipet 
are made of different sizes, from that which will admit only 
of a very fine needle (and this will seed now and then tQ 1m 
oieaned, or to be freed from a&^ c\vac« ^aAr!i.<^-t»^^ 
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irill take a large pin. These size 
B3 tbe vessels of some subjects a 



i. Stnpcack. — This is a short pipe like a small slraigm 
tep, nliich Gts accnratelj Dpon the end of the syringe IT 
the pipes, and also tales the pipes in the same 
"'he use of this is abaolutely necesaary when the object 3 

large that one sjringe full of liquid vrill not fill it. 

.0 pieventiTe were used, some part of the liquid i 
leturn nhilat the syringe was being replenished, bnt 1: 
etopcock is then tnrned as in an ordinary tap, and g 
danger of this effectnally removed. 

5. Carved meetifes.— These are eaaily made by heatil 
common needles at the end nhere the eye is sitnated, a 
bending them with & small parr of pliers into a segment d{ 
a, circle half an inch in diameter. They are, perhaps, moi 
oonvenient nhen the bent part is thrown slightly I 
ichere it commences. The painted end is then thrnat ii 

a common penholder, and the needle needs no re-temperioj^ 
fts the nark for which it is wanted is simply to convey to) 
thread or silk under any artery or vessel where it would fe 
imposeible to reach with unassisted fingers. 

6. A. kind of fur&apg, commonly known by the i 
"balldog forceps," will bo constantly required during t 
process of injecting. These ure short, usually very stronfl 
bat not heavy, and close very tightly by their own spriog 
irliich may be easily overcome and the artery eo released 1^ 
the prsBBuro of the fiogers. When any vessel baa not b 
tied by the operator, and he finds the injected fiuid escaping, 

" bulldogs " may be taken np and allowed to 
close npon the opening. This will cause very little in- 
terruption, and the stoppage will be almost as effectual K 
if it were tied. 

7. When the ordinary mode of injection is employed, i 
■ necessary that the preparations be kept warm daring t! 

time they are used, otheririse the gelatine or size which the] 
xntain becomes stiff, and wil\ not a-Uow o^ \iavtt% 'jii«V<&.>3 
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tho syringe. For Ihij purpoaa wo must procure Bmall 
■nware or tin pota of the Hize required, whidi will 
, differ according to the kind of wort to be done ; and to each 
of Iheae a loose lid Bhoald be adapted to protect it from 
doBt, &o. These pots mnst be allowed to Gtand in a tin 
bath of water, noder which a lamp or gas Same may be 
placed to Iteept^o temperature enfficientlj higli to insore the 
Jierfeot fluidity of tte miitare. The tin batli is, perhaps, 
moat convenient when made like a small eballovr cistern; 
imc cIoBO it on the top to place the pots upon it, and 
alter the shape to their own convenience. 

8. V^e will now inquire into some of the matenals which 
) needed in this operation ; tho first of which is tiae. 
This substance is often used in the form of tjhie, bat it mnfit 
be of the very best aod moat transparent kind. To make 
the liquid which is to reoeivo the colours for the usual mode 
of injecting, take of this glue seven ounces, and pour upon 
n quart; of clean water; allow this to stand a few 
, and then boil gently ninlil it is thoroughlj dissolved, 
ig with a wooden or glass rod during tho process. 
Take all im])arities from the surface, and strain through 
flannel or other fine mediam. The weather affects this 
e as to its stiffness when cold, but this mnst be 
counteracted by adding a little more glue if found too 
liquid. 

1. Instead of gW, gelati ne is generally used, especially 
>n the work to be ocaom^ilisbed is of the finer kind. The 
proportions are very different in this cose, ono ounce of 
gelatine to about fourteen ounces of water being sufficient. 
' like glne, mnst be soaked a few hours In a small part 
of the culd water, the remainder being boiled and abided, 
when it must be stirred antil dissolved. A good size may 
lade by boiling clean strips of parchment for awLile. 
Lnd then straining the liquid whilst hot through fiaunel ; 
hen tho injections are to be (ranspareiif, it U nf, AJafc 
greateit importance that tVie b\io \ie aa ciAo\HV«a ^*'V*" 
For this parpose good giAi^Xtia Taval- ''jft ^Ta-^o^sft-i 
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119 mison'a or C. 
latter. 

10. Colourt. — The siae- solution above mentioned will 
need eonie colonring mattev to render it viaible when in- 
jected into the venaela of an auimal, and different coIohfb 
me nsed wlien two or more kinde of vessela are ao treated, 
in order that each set may lie easily diatingnished by 
Biglit. The proportion in which theae colours are added to 
the Bize-Bolution may be given aa follows : — 

11. For 



Bed... 


.. 8 


parte of eize-Bolntion 


Yellow 


. 6 


„ „ 1 „ chrome yellow, 


White . 


. 5 


I „ fiake-white. 


Blue .. 


.. S 


1 „ blue-smalt, fino 


Black 


.12 





Whichovcr of theae coloura ia need mnat be levigated in a 
mortar with the addition of a Tery emaU qnantitj of water 
until every lump of colour or foreign matter ia rednoad to 
the finest atate poaaible, otherwise in the process of injecting 
it will most likeiy be found that some of the small channela 
havB been eloaed and tlio progrMS of the liqoid atopped. 
When tills fineueas of particles is nttiuued, warmth aaffioient 
to render the size quite fluid must be used, and the oolonr 
added gradnally, atirring all th« time with a rod. It may 
be here mentioned that where one colour only m required, 
vermilion ia, perhaps, the beet ; and bine is aeldom used 
for opaque objects, as it reflects very little more tight tliaa 
black, 

12. When it ia wished to fill the capillaries (the minute 
Teasels connecting the arteriea with the veins), the Micro- 
graphic Dictionary recommends the colonring matter to bo 
made by double decompoaition. Aa a profeaaed handbook 
troald be, perhaps, deemed iu':omp\eS* -wiftioafc vnna *C\iBt.- 
lions aa to the mode of gettuag t\ie«i co^oim.^ -«*^ ''^ 
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naa thoae gtvon in that work. iPur ted, howeTer, Termilion, 
as above etateJ, may be used ; bat it must ba carefnllj 
eiamined by refiBoted light to see whether it be free from 
all coloarleBS orystaU or not. It tnuat first be worked in a 
mortar, and then the whole thrown into a, qnantity of water 
and stirred abont ; after leaving it not longer than a quarter 
of a minote, the larger portions will settle to the bottom, 
and the liquid being poared oS will contain the finer powder 
This maj then be dried slowly, or added to the size whilst I 
wet in the manner before advised. 

13. Teltow iajsclion. — To jirepare this, tnte — 



I 



Acetate (sngar) of lead 380 grains. 

Bichromate of potash 152 „ 



DisBolve the lead salt in the warm size, then add the bichro- ] 
male of potash finely powdered. 

e of the chromic acid remains free, and is wasted ii 
B solntion, so the following ia given : — 



bliss 

^H The first of these has the deepest colonr, and is tho most 1 

^^BeDerallj need. 

^Kf 14 Whita injection. — This is a carbonate of lead :- 



Acetate of lead 190 graina. 

Ohromate of potash (neutral) ... 100 „ 
Size 4 ounces. 



Acetate of lead 190 grains. 

Carbonate of potash t3 „ 



Dissolve the acetate of lead in the warm size, and filter | 
through flannel ; dissolve the carbonate of potash in th 
Btnallest qnantitj of water, and odd to the size: 14 
graina of carbonate of Boda niaj \)a BTiiViaNiW^ftitet "Oaftss 
bonate ofpotasb. 



16. For lilne injection, which is not, liowe»er, math itej 
with rcRecteO ligbt, as l«foi-e stated, take— 

rrussian blue 73 grains. 

Oialioacid 73 „ 

Size i O'aacts. 

The oxbMc acid is first finely powdcted lo a mortar, the 
Pmeciao blue and a little irater added, and the nhole th«a 
thoronghlj mixed with the size. 

16. It may here be repeated, that it is only wlien the 
capillaries are to be filled that there u any need to be at the 
trouble to prepare the colonra by this doable deeooipoeitioD; 
and, indeed, colours ground eo finely may be procared that 
the aboTs instrnctioDB would have been omitted, bad it oot 
been supposed that some stadents might find a double plea- 
sure in performing aa much of the wort aa posaiblo by their 
01TD nn aided laboiire. 

17. The process of injection may now be considered! but 
it ie impossible for written instrnctions to snpply the place 
of experience. I will do my bc&t, however, to set the noiioe 
at least in the right way. There are two kinds of injection 
— one where tbc object and colonra are opaque, aod conso- 
qnenlly fit for eiaiuination by reflected light only ; the 
other, where the vessels are filled with transparent coloars, 
and mast be viewed by Iranamitled light. The firet of tbe«0 
ia most frequently employed, bo we will begin with it. In 
the object which ia to be injected, a veseel of the kind which 
wo wish to be filled must be found ; an opening must theo 
be made in it to allow one of the small pipes before men- 
tioned to be thrust some diiitance within it. AVhen this is 
accomplished, thread the curved needle with a piece of silk 
thrend, or very fine string, which some operators rub well 
with beeswax. This thread must not bo too thin, clee there 
is danger of ootting the vessel. The oord ia then carried 
nndor the inserted pipe, and the vesael bound tightly upon 
it, the enda being brought op round the transverse arms. 
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and there tied ; so that all danger of Dccideatallj lFtth> 
drawing tlie pipe is obviated. Care must now be used in 
doaing all the vesaela nhioh communicate irith thnt where 
the pipe is placed leat the injecting fluid eKcape; and thia 
must be done by tjing tbera with silk. Sliauld, however, 
any of these be left open by accident, the bulldog forcepB 
mnat be ubbS, as before recommended. 

IS. The part to be injected maet now be immersed in 
warm wsiter, nat, however, above 100° Fahrenheit, and left 
until the whole is thoroughly vjarmed. Whilst thia is beicg 
done, the coloared eizo must be mnda ready by the pot being 
placed in the tia bath of warm water, which must be of 
Huffioient temperature (about 110° Fahrenheit) to keep it 
perfectly liquid. For the same purpose, the eyriuge ig ofloa 
tightly covered with two or three folda of flanael; and, 
indeed, there is no part of the proceas which requires taore 
attention. If the substance to be injected is too hot, it ia 
injured ; whilst, if any of the arliolea are too oold, the gela- 
tine, or size, loaea a part of ita fluidity, and couacquently 
cannot enter the minute vesaels. When all in prepared, the 
syringe, with the atopcoch attached, ehaiild be warmed, and 
then filled and emptied with the injecting' fluid two or three 
times, care being takea that the end of the syringe be kept 
beneath any babbles which form upon the surface. The 
syringe may then be filled, and closely attached to the pipe 
which is tied in the vesael. With a firm and steady prcasnro 
the piston most bo farced donnwardR, when the anhstance 
will be perceived lo swell, and the colour show itaelf in places, 
where the covering is thin. When the sjringe is ahuotl 
emptied of its contents, the Btopcock moat be tamed to pre- 
vent any escape at the injection from the subject, It must 
then be refilled, aa in the first iaatance, and the procesB 
repented. I say aUnoif sniplied, because it is well not to 
force tlie piston of the syringe qnite to the Lottom, Icat the 
small quantity of air which frequently remains be driven 
into Boiag of the vcaaels, and t\)0 iibj^d, \)ii vn^mei <« c^*«. 
rufaed. As the injection is conUnacd, \i -si'vW \w Ihmm^ *''*■ 
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Tce reqoired grons greater, jet care must be taken "001 
to nee too mscli, or the vessels will burst, and reader all the 
labour frnitlesB. Tlie raoveneDt of tHe pistoit must bs 
Dccaxionallj bo slotr as to be almost imperceptiblei and for 
this reason the piston-rod is aonetimes marked with lines 
about one-eighth of an inch apa,rt. 

19. Of coarse, dariog the whole process tho iojacting 
flaid and subject mast be kept at a temperatare liigh eaongh 
to allow the liquid to flow freely ; and the escape of a little 
of it need cause no fears to tl:e operator, as it is almost im- 
possible to fill a subject without some loss. When the 
injci:ted object has received safficient £uid, it should haTS a 
plump appearance, owing to all the vessels being well filled. 
The vessel must then be tied up where the pipe was inserted, 
and the whole left in cold water two or three hoora, after 
which time it may be mounted ; but it may be woU to notice 
a' few things which the begiuaer ought to know before enter- 
ing into that part of theprocessi and he maj be here informed 
that it is not necessary to mount the objects immediately, 
otherwise it wonld be impossible far one person to make 
use of half of any large subject, as it would be in a Btate 
of decay long before each part could have been examined 
nnd separated. Large pieces should be therefore immersed 
in equal parts of spirits of wine and water, or glycerine, 
which some think better still, and thus preserved in bottlea 
until time can be given to a closer examination. 

20. la operating upon largo Bubjeots, entire animals, &&, 
the constant pressure required by the piston of the syringe 
grows wearisome, besides occnpjing both hands, which is 
sometimes inoonveuient when irorking without asaiKti 
To obviate this, another way of driving the syringe 
published in the Micrograpbio Dictionary which I wiB 
quote here:— ''We have therefore contrived a very simple 
piece of apparatus, whioh any one can prepare fur bimselfi 
and which efii;cts the object by meobanical means. It c 
""'its of a rectangular piece of board, two feet Um^ and 

'lea wide to one end oE wWob ia loatoaeS. a.xv Kadia 
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piece of iroo(i (nqua,! in nidtli to the long board, and one 
fuot high). Tbe indined portion ia pierced with three holcB, 
one above the other, into either of which the ayringB maj 
Ih3 placed — the upperraoat heing used for the larger, the 
lowermoat for the Bmaller syringe; and these holes are of ' 
such eize as freely to admit tbe syringe covered with flannel, 
bnt not to allow the rings to pags through tbem. The 
lower part of the syringe is supported npon a semiannalar 
piece of wood, fastened to the upper end of an upright rod, 
which elidea in a hollow cylinder fixed at its base to a small 
rectangular piece of wood ; and by meane of a horizontal 
wooden screw, the rod may be made to aapport the syringe 
lit. any hei^jht required. The handle of the syringe ia let 
into a grooTe in a Btont wooden rod connected by tneans of 
two oatgat strings with a smaller rod, to the middle of 
which is fastened a string playing over a pnlb'y, and at the 
end of which is a hook for anpporting woighte, the catgut 
strings passing through a longitndiual slit in the inclined 
piece of wood." When in nae the syringe ia £lled with 
injecting fluid, and passed tHroagh one of the three holea 
which is most suitable. The object being placed bo that the 
pipe and syricge can be best joined, the rod and atringa are 
set in order, and a weight pliioed on the book. The stop- 
cock mnst then be opened gradually, when the operator 
will be able to jndge wfaetber the weight is a proper one or 
cot ! if the piston is driven with any speed, there ia danger 
of injuring the anbject, and leas weight may be used ; if, 
however, tbe piston do not move, more must be added.* 

21. Snch ia the method recommended in the Micro- 
graphic Dictionary, and perhaps it ia as good as any 
mechanical plan could be ; bat where the operator ia willing 
to nndergo tbe labour of performing all tbia with the band, 
be baa a much better chance of snoceediDg, because the 
pressure can be regulated so accurately, and changed ao 
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qniakljr vlion requisite, tbat aa mere machin 
' with it, howerer well oontriyed. 

22. Wbeo the bi^ginncr attempts to inject a subject, oni 
. of his dilSculties ia finding the vessel from which to coB' 
e. Another consista in diatinguiehing the aTterii 
from the veins ; bat this ia partly removed hj mabingifl 
lougitnilinal inciEion in the veaad, and with a blant thiJ 
' needle probing a little distance into the tube. Tbe arteii 
will be found thiclier in the coating than the tcid, and t^9 
difiurence ia easily perceived by tbia mode of testing: tiie 
lin ia alio of.a bluer colonr than the artery. I saj above, 
" longitndinal incision " mnat be made : tbe renaon for this 
is, that an artery when cut across oontracta conaiderably, anil 
IB loBt in the adjoining substance; bat where the opening 
ia made lon'jiindvaalhj all darger of this contraction ii 
obviated. 

£S. The different systema of vessels are oilen i^Jeob 

' with various colotire, so that their relative poaitjosri 

may be shown more clearly. In some specimens, the veta 

a injected with nhite, and tbe arteries with red ; in tf 

"kidney, Iha urinary tnbea are often filled with white, I 

the arteries witii red. TJion, again, the liver affords tut. 

for three or four colours. But no written inatruotianB a 

a poiot can benefit the yonug student, and he luaat 1 

content for a while to employ himself with single colov 

intil he ba^ i;ainpd the mechanical ehill and the prima) 

knoivledge which are necessary before he can make ■ 

U. We will now conaidur the host metboda of n 

injected objects. They must always be well washed J 

water after they have been kept in anj preservative liqiii 

nsing a cnmel-bair pencil to clean the surface if neceasa' 

"'uny parts when injected are in raaaaea, auch a 

't:t, Ae., of animals, and couseqneiitly seotiona of thlN 

nut be cot. For this purpose Taleotin's knife is ver 

Ti'-enient, as the tUickoEBs cmi \ie TesaXsiiti ^q e»s\Ti>sc.'a 

piiere the injectiona are o;[.aqne,\.'ta.exQi5iiQ-o.e«A^"^"'*'*»= 
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MctiioDB Tery thin. Some few of tbia Itind undergo compara- 
tirelj little chaoge in drjing, so that the Bection ma; be 
well washed and flnated tipon the glass elide in the place 
desired, where it will dry perfectly and adhere to id. It 
mnat then he mot«teDed with turpentine and mounted in 
Oanada balsam like other objects. No great heat should be 
used with these preparationB, as it is very liable to iDJure 
them; and some of the colours seem to aufFer a, slight con- 
traction wheu auy great degree of warmth is applied. There 
are many objects, however, which must be aeea ia the mass 
to be nnderatood, and, indeed, lose all their form and beauty 
in drying, snch as certain parts of the intestines, &e. Theaa 
tnoHt be moonted in fluid, with the precautions noticed at 
length in Chapter V., and for this purpose either Goadhy'a 
fioid, the ohlorido of zinc solution, or spirit diluted with ten 
parts of distilled water, may be employed. lb ia a good 
thing, when practicable, to mount similar ohjeota on two 
separate slides, using different preservative liquids, and 
taking the precaution of marking each with tlie kind of 
liquid employed. This not only serves as a guide to what is 
beat for certain sobjects, but if one ia injured, there will 
probably be a good specimen in the other. 

25. It may be here mentioned that many are now monn^- 
ing sections of injected substances with the balsam and 
obloToforin before mentioned, instead of using balsam alone, 
and consider that the labour ia much lessened thereby. 

26. A description of that mode of injection which is most 
generally employed has now been given, bnt this is not the 
only method of effecting our object. A most ingeniona 
process was invented by M. Doyers, requiring no artificial 
warmth, by which many beautiful objects have been pre- 
pared. Make a solution of bichromate of potash, 524 grains 
to a pint of water, aad throw this into the vesseU to be 
injected; then tate 1,000 grains of acetate of lead dissolved 
in half a pint of water, and force this into the same vessels. 
A decomposition now tates place in the vessels, and the 
yellow chromate of lead is formed. In th'S decomposition. 
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houevur, ihe acelate of potiish aUo ia formed and 
Ball, baa bo injarionB action opon tlie cells. Dr. Gosdhf 
rccomineDdB nitrate of lead to be ased, which preserrM 
rullier tlian dpstrojs them. He bIho Bdvises tlie odditioB 
cf tvo ounces of fieiatiue dissolved ia eight onnaea of watsr, 
to (ngbt ounces of the Batnrated solution of each Bait i hnl 
with this addition the hot-water hath wonlJ he required ta 
keL'p the injecting flnid liquid. 

'27. Uanj of these are heal mounted in balsam, in tiie 
sumo manuer as those made in the ordinary waj; whilst 
iilhera are best shown when preserved in liquids, for which 
purpose Goadbf's fluid maj be employed, 

28. This made of making injections with chromate of li 
ia deemed hy many the beat, especially where one 
only is employed. But it iDust be allowed that thi 
little more danger of failure where two separate flu: 
used for the same vessels. 

29. We will now ooDsider the best manuer of making 
Irannparent injections, which, for many purposes, possesH an 
undoubted advantage over opaque ones. But it must be 
remembered that there are certain Buhjecta to which no 
transparent injection could be applied, as they are too thick 
when in their natural etato, and cutting would destroy all 
that beauty which is shown by the differeut parts in their 
relative adaptation. Por those objects, however, which 
must be cat into sections to display their wonders, or are 
naturally thin— such as some of the finer tisanes, 1" 
kidneys, &c., — transparency ia a great acqiiiaition, 
enables us to nnderstaod the arrangement of the vi 
more perfectly. Again, another advantage is the simplic 

of the proceaa ; no hot water ia needed with some ] 
parations, either for the sohject or the injectiog fluid, wl 
ruus into the minute vessels thoroughly and easily, 
the cost is small. 

30. For this kind of injection no colour is so con 
used aa Prussian blue. It is not a good one, as was before 
■tated, for any opaque object, the light reflected from 
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apposring ulmost black ; yet liy transmitted light no colour 
is more DEefDl, becaaee ita distinctness is eqaallj great bj 
artificial light and ordinary daylight. Tie method of pre- 
paring thia, as given b; Dr. Beale, is ob follows : — 

Glycerine I oance. 

Wood naphtha, or pjroacetic acid H drachm. 

Spirits of nine 1 onnce. 

Ferroeyanide (yelloir pmaaiate) of potaa- 

Binm 12 grains. 

TiQctnre of aesqnichloride of iron 1 dinchin. 

"Water 4 oonces. 

DisBolve the ferroeyanide of potaBsiam in ooe ounce of the 
water ; add the tincture of aeeqcichloriJe of iron to another 
ounce. Mil theae aolntione gradually together, sbaliing the 
bottle well which contaiua them — it ia bast to add the iron 
to the potash solution. When thoroughly mixed, these 
solntlona should produce a dark-blue mixtare, perfectly 
free from any perceptible massea or fiocculi. Nest mix the 
naphtha and spirits of wine, and add the glycerine and the 
remaining two ounces of water. This must now be slowly 
mixed with the blue liquid, shaking the whole well in a 
large bottla whilst the two come together. The tincture of 
scsquichloride of iron is recommended, becanee it can always 
be obtained of a uniform strength. 

31. Dr. Turnbull used a mixture pligbtly different from 
the above, which is made with the sulphate of iron : — 

Purified sulphate of iron 10 grains. 

Ferroeyanide of potassium 32 grains. 

Glycerine 1 ounce. 

Fyroacetic acid 1| drachm 

Alcohol 1 oonce. 

Water 4 ounces. 

D'molre the sulphate ot iion m oan OOTiie i^ ^e^ '^ 
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gradually odd tlie ferrocjanide of potaseium diaBoIved in 

auotlier ounce, and proceed aa befure. 

3'2. Dr. Beale also gives ns the following carmine iojectiait 

'o be cmplojed in the Bamo way aa the blue.* Tuke— ^^^ 

CormiDe 5 graina. ^^H 

Gl;ceriae, wilh 8 or 10 dropa of hydro- ^H 

chloric ixii ^ oDDce. ^^H 

Glycerine (pure) . 1 ounce. ^^H 

Alcohol 2 drachmB, ^^^| 

Water 6 draokmi. ^^H 

fWx tl"o osrmino with a few drops of water, and when well"^^ 
Eblcorporaled add aboat five drops of liquor aiDinotiiEe. To 
■ Ittit dark-red aolation aboat half an ounce of the glycerine 
|H to be added, ani the whole well Bhafeen in a bottle. 
LSeit, very gradually pour in the acid glycerine, freqcently 
liBbaking the buttle during admixture. Teet the mixtnra 
PVith iilaa litmus -pa per, and if not of a veij decidedly acid 
r reaction, a few more drops of acid may be added to the 
remaiudpr of the gljcerjne arid mhed aa before. Lastly, 
mix tlie alcohol and water very gradually, shaking the bottle 
IhorDughly after adding each succesBive portion till the 
whole is mixed, Thia fluid may be kept ready prepared, ^^. 
and injectionB made very rapidly with it. ^^H 

33. The method of making injeetions with these colourai^^| 
is the S3.WG as with the gelatine mixtures before described, ^^H 
except that i:o heat is required, and consequently most o£ ^^1 
the trouble reuored. The buttle of the fluid must be well '■ 
shaken immediately before use ; and when the object has 
been injected, we must allon it to remain in a cool place for 
ft few hours before cutting it. Thin sections of the aubjeot ■ 
May be cut with Valentin's knife, aa before described, i 

• WhBQ, Ldwevpr, it ia (ioairBblo to cut very tLin smtions of thafl 

iajooted suhjsct, the cnrmltia ia sooietimos added to a Eolution of GnoS 

I gal atino— gelatin a one jiarttowaicreii-ht ptrlt. But the u-arm watnft'^ 

u this COM a)so. 
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are very beantifal transparent objects. Some of the liner 
tisBoe^, also, sre shown mncli bettor by this mode of in- 
jection than by tbe opaque, and are easily monnted by 
naehing in clean water when firgt aepacated, and floating 
upon a slide, niiere theymtiHt be aUoned to dry thoronghly. 
They may then be immediately mounted in balsam, or kept 
in tlie dry state until it is convenient to finish themj bnt 
in many cases this keeping, if too mnch prolonged, will 
injure tbe object. If it is desired to tranafer tbe section to 
anotlier slide, it will be neceaaary to net it thoronghly with 
water by the aid of a camel-hair pencil, and then gently 
atrip it off with the forceps. When it is wished to preserve 
injected anbjeclB in masBas, it mnat be done by imoieraion 
in spirit, and the sections may be cut at leisure. Most of 
these : transparent objects may be mounted ia Canada 
balsam ; but some reoommend glycerine or glycerine jelly, 
BB allowing the use of a higher power in their eiamination, 
and preserving them in a more natnral form. 

3i. A few sabjects may be noticed which are very bcanti- 
fnl when injected, and amongst these are the eyes of many 
animals. They mast be injected by the artery in the bacti 
part, and when the bine transparent liquid is employed, 
nothing can eifceed tbe delicate beanty displayed by some 
of tbe membrane. It mnst be disBected with care, but well 
repays na for the trouble. Water-newtB and frogs are not 
difficult subjects, and in their skin and other parts are many 
interesting objects. Amongst the commoner animals — rat-ii, 
rabbits, cats, &a, — almost endless employment may be 
found, making use either of portions or the whole animal at 
once, Tbe intestines of many of these are very beautiful. 
We mnst divide them with a pair of scissors along the tube, 
and cleanse them from the contents; the specimen may 
then be laid upon a slide, and any remaining impurity 
removed by a camel'hair pencil and water. When dried it 
may be mounted in balsam, and having been injected with 
the transparent bine, its min^ite \MaTit^ \* '^o^'a m'a*. ij™- 
feotlj la injecting a sheep'e (oo'i.^Vi.oViSa u-^i*^'^'^'^'^ 



)2 rKEPiBATJON ASD KOVJf. 

Tiike 1£0 grsina best carmine. 

^ fluid DDiice of &mmoma, comtnercial etrengf 

viz., 0-93, or 15° ammonia meter. 
3 or 4 onncea distilled WBt«r. 

Put theBB into a. small fliiak, mid allow Ihem to digest 
oat heat from tweotj-foor to thirty-six boore, or not 
carmine Is disBolved. Then take a Winchester quart hoi 
and with a diamond mack the spot to Tibich sixleea oiu 
of water eitend. The coloured aolotion mnst be filti 
jrito the bottle, and to this pure water Ehonld 
on til the whole is eqnal to sixteen onncea. 

Dissolve GOO grains potash alum in ten fluid onnaea 
wnter, and add to this, under coostant boiling, a solution; 
carbonate of soda until a slight permanent precipitate 
produced, Filter and add water np to siiteen onnoes. B 
and add the solution to the cold ammoniacal solntion of 
carmine in the Winchester quart, and shake vigorously lor 
a fenf minutes. A drop of this placed upon wbite filtering- 
paper Bhould show no coloured riog. If mnah colour is in 
solution the whole must be rejected, because, although. 
it is possible to precipitate all the colouring matter by 
the addition of ammonia or nlam, it is not well to dg_ 
so, as the physical condition of the precipitate ii 
altered. 

Supposing the precipitation to be complete, 
nearly so, shake vigorously for at least half an hour, 
allow it to stand until quite cold. The shaking must 
inewed for some time, and the bottle filled up with 

fler allowing the precipitate to settle a day, di 
the clear supernatant fluid with a syphon, Eepeat the 
washing until the clear liquid gives little or no precipitate 
with chloride of barium. So much water mn^t be left 
with the colour at last that it shall measure forty 
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H~ For the injecting &ai3, take 24, ounces of the ooloured 

■ liquid thaa prepared, and three onncea of good gelatine. 
I Allots these to remain together twelve hours, and then 
I, dissolve by the heat of a water-bath ; after which it ahoald 
I be strained through fine musliu. 

I As this icjeoting fluid contaioa gelatine, the hot water, 

P and other contrivanceB mentioned in a former part of the 

■ chapter, will be necessarj' here alao, but no peoaliar treat- 
ment will be required. 

Since writing the above concerning carmine injection, I 
have had the miefortnne to lose mj friend Mr. Dale, but not 
before we made aoorea of experiments together, with this 
formula. Onr experience, I may bbj without vanity, justi- 
fies me in declaring that a good operator can get resnlts 
equal to any that he will receive from the Continent, as far as 
colour and distinctness are concerned. The colour, being 
thoroughly precipitated, cannot Btaiit the tissaea, and the 
oonree is thus clear and well deflned. If the object is small. 
It is well to use the mixture with 25 or 30 ounces of waUr 
instead of 40 ; but, with this exception, I know of nothing 
that needs alteration. I have, time afUr lime, raeasared 
vessels thoroughly filled with good colour — eapeciallj 
amongst fatty portions, — and found them betwixt l-3000Ui 
and l-4000th of an inch. As some young students might 
say " Give me an account of something done with it," I will 
endeavour to describe my use of part of a hone's leg. My 
friend Mr. Hepwortb wrote to me that he had a horse's leg, 
and shonld be glad if I would come over with snScient car- 
mine to inject it. I took throe pints of solution, and may 
here mention that, with a very slight loss indeed, all this 
liquid was thrown into oor subject. The leg was cut off 
just beneath the knee, aad before using it ws allowed it to 
remain in water abont 80" or 90° Fahrenheit two or three 
hours, and then introduced onr syringe into an artery at 
the top. As I have no faith in any mechanical oontrivance. 



I uced the coannon eyiiage, and filled the leg with Uie | 



1 Bjiinge, and filled the leg with 
liijuii], Wd tlien placed it in cold water, and aOowed it to 
lemaiD ontil the nert moroiiig. 

The firit work iras to remove a piece of the skin, and 
take aectianB of it bj the aid of a Valentin's knife. The 
arteries were shown beaatifoU;; but the most attractive 
part was where the growth of tie hair was laid open befors 
tu. Each bair exactly resembled a common onion, whQst 
every bulb waa Burroanded by a perfect network of arteries; 
and where any bulb had been torn ont by accident, there 
waa left a minnte bird'etiest of them, clearly showing how 
they had been intertwined aronnd some lost friend, Dif- 
ferent aeetions of the mnacnlar portaons showed every^phaM 
of arterial distribution, with some eiqnisitely minate veeMla 
in parts. I then took an artery and cut cross sections, 
which the carmine portions were as closeiy interwoven 
wickerwork. I also, with a pair of scieBOrs, laid open 
length of the artery, and motinted it, together with a c 
section. In the same way I used the veins. Many of 
nerves we took oat, and, after cleaning carefnlly with knives 
and small bruahes where uecesaaij, monnt«d them with 
the attendant arteries around them. But as we approached 
the hoof, double interest was given us. The skin wiUi its haira 
juat above the hoof plainly showed the change taking place, 
and sections of the hoof gave beautiful specimens of where 
circulation was gradually stayed by the growth of harder 
substance. Here, too, we reached tho taminiD, or t) ' 
plates (somewhat resembling the gills of certain fiahf 
the eiaot use of which, we have iw space to disonsa — ai 
these were readily removed by the 
knife. In these the veseels are minntely and exqnisit 
shown. 

Theae are a fen of the beauties which this injection 
afforded me. My friend Mr, Hepworth and I worked to- 
gether at this Bubjoct for a week or two, and part of thsv 
knowledge which he gained from it was communicated t ' 
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the microscopic world in the fifth volume of their Journal, 
where the illustrations are beautifnllj printed. We took 
about 1,000 slides from this leg, but could easily have taken 
a specimen for every microscopist in the country. What 
few slides I now have are mostly mounted in balsam, and 
are quite as good in colour and every way as beautiful as 
on the day they were mounted. 
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CHAPTEK VIII. 

UlSCEtUHEOCS. 

It must be evident to all readers that there aie Tariooi 
objecta of interest to the microecopiat which cannot be 
property placed amoDgst anj of the foreraentioQed clastiei, 
bnt mnst not be omitted in sach a gaide as this professes 
to Tie. or these taaj be mentioiied the circulation of the 
blood in varioQs animals, the rotary motion of the flnicl 
' in many plants, the best means of taVing micata pho- 
tographs, Ac. &c. 

Perhaps the most interesting of these objects is the tircn- 
lation of the blood through the £ner vesBels of varioas parti 
of animals nsed for these purpoees, which parts, it ia eTidant, 
mnit be very transparent to afford a perfect view of this 
phenomenon. The web of the frog's toot is very freqnentJy 
employed, bat requires a certain arrangement, trhicli we nill 
notr describe. A piece of thin wood (Dr. Carpenter recom- 
mends cork) ia taken, about eight inches long and three 
wide ; aboDt an ioch from one end is cat a hole, half or 
three -qnarters of an inch in diameter. The body of the 
irog is then placed in a wet bag, or wrapped in wet calico, 
whilst the hind foot projects ; the whole is then laid upon 
the piece of wood, so that the foot, which is left free, may be 
eitended over the hole. The web must then be spread ont, 
and Booured, either by loops of thread fastened to the toes 
andnttaohedto small pius placed around the hole in the wood, 
or the pins may be inserted into the wood — through the 
web. A few bands of tape mast be passed round tbe 
body, the teg, and the wood, to prevent any disarrangement 
arising from the stmggleB of the animal. Care mnst be 
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taken that the tape be not too tight, else the circulation 
be very alow or altogether stopped. The wood must ooi 
£xel upon the etage, with the apertare nnder the object- 
glass : this ia aomBtimea donn by simply binding it, 
Hpi'iog ia fixed so aa to accomplish ths aa.iDe object withont 
80 mQoh trouble. With a half-inch power the blood may 
be seen to flow very diatinotly. The frog may be used for 
hours if care be taken to prevant the web from becoming 
dry, by wetting it with 3 little water from time to time. 
The piece of wood or cork upon which the frog ia laid ia 
often made to give place to the " frog-platea," supplied by 
opticians. These are made of brm», somewhat resembling 
the piece of wood above recommended, bot each maher'a 
pattern differs, according to his own taste. 

The tongue of the frog ia also sometimea used for the 
purpoaa of ahowtng the circulation of the blood, which ia 
done in the following manner : — The body ia wrapped with 
calieo, and made fast to the plate as before, only the mouth 
of the frog is brought to the opening. The tongue is then 
gently drawn out of the mouth and pinned down over the 
aperture, when the circulation wilt he well shown. £nt, as 
Dr. Carpenter observes, the cruelty of this mode of treat- 
3 repulsive that it ia nnjuatifiable. 
Tadpolea of the frog (which, of course, are only obtainable 
' e good subjects for showing the oircula- 
I lion of the blood. They are best suited for the microscope 
urheu about one inch long. The tadpples of the newt and 
toad also are equally suitable. Thoy may be placed in a 
Very shallow glass trongh with a little water, and a narrow 
band of linen bound lightly round in some part not required 
^for eiamination, to keep them from moving ; or they may 
ba laid upon a glnas plate with a drop or two of water, and 
a thin glass covering lightly bound upon it. Dr. Carpenter, 
however, places them first in cold water, gradually adding 
warm nntii the whole becomes about 100°, when the tadpole 
leoomes rigid, whilst the circulation is still maintained. I 
have not, however, found this necessary, the thin glass oo- 
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ecimpliahing all tbat is cleaired. The t ail ia geii«raUy t^ 
moat traosparent, and shows the oircnUtioii be«t ; but in 
fiome of the cent larvfB tha blood ma; he traced dD^n to 
the very eitremitieB if thej are not loo old. Mr. "Wiiitney 
places the tadpole upon ita back, by which rneauB tha heart 
and other internal arrangements may be eeon. 

Amongst Sahea also may be foaad subjects for the same 
pnrpoae, but they Beldom furnish such good eiamplea a£ 
iboso before mentioned, becQuae the blood-Teaaela are out 
nearly ao abundant aa in the foot of the frog, &a. The 
stlckleijack is, hotrevor, procurable almost in any plucB 
during the Bummer mouths, and may be laid in a ahaUow 
trough, loosely bound down as the tadpole. The tail may 
be covered with a piece of thin glass to prevent him earlier 
it to tha objeot-glass. The power needed for this will he 
about Iho same as with the other subjects ; viz., a. half to 
a quarter-inch object-glass. 

It is not absolately necessary to go to reptiles or Sshes 
for thia cnrioua sight, as aome other animals serve vec/ 
well. In the wtnga of the common bat may be fonud a 
good subject. These must be atretched out uu something 
vesembling the frog-plate before described, when those parts 
near to the bones will show the largeat vessels very dearly. 
The ear of a young mouse is an illustration of the same 
pheDomenon, but it is veiy difficult to fix it in a good 
position, as these animals are so very timid and restless. 

Amongst inseots also the circulation may ba seen by 
placing them in the cage, or liTC'box, so as to ketp them 
still, but not to injure them by too much pressure. lu 
certain InrriB it is particularly well shown, us in those of the 
day-fly and plumed gnat ; but in some of these the blood is 
almost colourless. In the wings alao of many insects this 
circulation is well seen, ae in those of the common honaefly ; 
but OB these parts become dry in a few days, the subject 
should not be more than tivetity-four hours old. 

Somewhat approiimnting to Uie CowmKiAvnieA ^heao- 
lnenoD, ia the rotation tor cjiAoBia^ ot ftaW 'm. *Ca« i;£Ci*,i«, 



US tt is aauallj termed, the eirculation of Oie sap, of plants. 
Thia ia bIiowq in cerUin vegetable growtlis aa a ooustant 
Btream of thick fluid, wherein Bmall globnlea are Been ; 
whiah Btream flows roQcd the iadividna) cells, or up the 
leaf, tnrcing at the extremity, and down again hj a diflerent 
bat parallel channel. There is little or no diffi-culty in 
shoning this ia many plants; but some are, of coarse, 
better than others, and require a different treatment; we 
will, therefore, notice a fei? of these. Perhapa the heat of 
all is the VaUiBneria ^iralU, which is an aquatic plant, 
frequently grown in, bat not really belonging to, this 
country. Ae it somewhat resembles grass, the leaf ia not 
used in its natural state, but a thin section cut lengthnits 
T'ith a razor or other sharp instrument; this aeetion, how- 
ever, is mach better when the outer surface has been first 
reottoved. It Bhonid then be laid upon a slide with a drop 
or two of water, and covered with a pieae of thin glaea. 
Often the cutting of the section seems to be snch a shock to 
the leaf that no motion,is visible for awhile, bat in a short 
time the warmth of an ordinary sitting-room will revive it, 
and with a quarter-inch object-glass the curreuts will be 
rendered beantifully distinct. Where the stream ia un- 
usually obstinate, the warmth may be slightly increased, but 
too high a heat destroys tho movement altogether. In the 
summer, any of the leaves show this circnlation very 
well ; bnt in the winter, the slightly yellow once are Raid to 
he the best. 

The Tallisneria requires to bo out in sections to show 
ibis circulation ; bat there ure many plants of which it ia 
bat necesaary to take a fragment and lay it upon the slide. 
The Anaeharit alainastrtim. ia one of these : it grows in 
water, having three leaves round the stem, then a bare por- 
tion, again another three leaves, and so on. One of these 
leaves must be plucked close to the stem, and laid upon a 
slide with a drop of water. Thin glass shonld be placed 
opon it, and along the mid-iVo o^ feft Vtts«a "Oiva <iit'i«&«iQ. 
fflay Jw eeen moat beatttituUj wVon a, ^twi ^■^^'b*.!^'^'** 
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' been choaen ; but it reqnii'ea rather more power tlian Ui« 
"ValliBneria, This plant is very common in many parts of 
ionntry, a great nnmbor of our ponda and streams being 
literally cboted up by it. In the Chara wXgarU and two or 
three of the IfitelliB, &a., this phenomenon may also be sees 
with DO preparation except plucking a part from the stem 
and layiog- it npoa a elide, as nith the Anaeharia. In nsing 
the Frog-bit, the outer part of the young lear-bads most bfl 
taken to obtain the best specimens for this purpoaa; bat,"' 
aeotion of the atom will alao ahow the circulation, though 
ell. The plants before mentioned are all aqnatio, 
iame movement of the globnlea has been observed 
several kiada of laud plants; as in the hairs npon the leaf* 
Btalka of the common groundsel ; but these do not show it 
10 well, nor are they bo eaaily managed as the preceding. 

Many microscopistB who are not fortunate enough to be 
n the neighbourhood of these plants (indeed the Yallisneria 
is a foreign one) grow them in jars ; so a few remarks as to 
the treatment they require will not be out of place. The 
"Vallisnetia reqnires a tcmporotnre not lower than 55° 

and even a higher degree than this tendera its growl 
quicker; and no great change must take place: them 
equable the temperature the more healthy will the plant 

'asB jar ahonid be taken, having an inch or two of moali 
at the bottom, which mast be pressed down closely, and the 
plant muet bo set in this. Water must then be gently 
poured in, ao as not to disturb the mould. As this plant 
^oAirishee best when the water ia frequently obanged, 
■Mr. Qoekett recommends that the jar should be oooaBionallj 
placed under a tap of water, and a very gentle stream 
i&llowed to fall into it for several houra, by which means 

"i of the confervoid growth will be removed and 
"plant invigorated. The Anacharis may be rooted in 
oiirth like the Tnllisneria, but a small detached piece ma, 
thrown into the jar of water and there li'ft until wani 
For months the circulation "biW^wti eft atio'sn^^ \\,.o.tiV'& 
probably grow and increase. It m >Ciso ■'ct^ "fewMBi 
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in-door aqnariam. It is recommended that the jaia io 
which the plants of Ghara are grown ehonld be moved aboat 
aa little aa possible, as the long roota are ybtj tender, atiil 
will not bear agitation. 

An object which ia intflrerting to the miorosoopist, aa 
well aa the iinacientific observer, ia the ffrowth of seeds, aa it 
IB often erroneoasly termed. A ehaving of the ootsido of 
the seed is taken uod laid npoa the glass slide ; a, thin 
glaaa cover ia then placed npon it, and a drop of water 
applied to its edge. The water will gradually fiow under 
the glaga and reach the section of the seed, when transparent 
fibres will appear to spring ont and " grow " for some 
miontes. Thin, however, ia produced by the nnfolding of a 
spiral formation in the cells, and, therefore, has really no 
similarity to the true growth. The seeds of the SalviaB, 
Collomiaa, Senecio, Buellia, &c., are well aaited for the 
display of this ouriona sight. 

To watch the developmeot of the spores of ferns, and the 
fertilization and products. Dr. Carpenter recommends the 
following mode of proceeding : — " Let a frond of a fern, 
whose fmctitication is mature, be laid npon a piece of fine 
paper, with its spore-bearing surface downwards ; in the 
course of a day or two this paper will be found to be covered 
with a very fine brownish dust, which consists of the dis- 
charged apores. Thia must be carefully collected, and 
should be spread upon the surface of a amoothed fragment 
of porous sandstone; the stene being placed in a sancer, 
the bottom of which is covered with water, and a giBM 
tumbler being inverted over it, the requisite supply of 
moisture iainaured, and the apores will germinate liiiuritintly. 
Some of the prothallia soon advance beyond the rest ; and 
at the time when the advanced ones have long ceased to 
produce an theridia, and bearabandacce of archegonia, those 
which have remained behind in their growth are beginning 
to bo covered with anthcridlii. If the crop be now kept 
with little moiatnre for several weelca and then suddenly 
watered, a large number of antheridia acd archegonia 
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oliject-glass, wbioh is of a very convenient fjeuH, 
nanallj bettriit ODe and four feet. The negativs mnst be 
lighted by aa argand goa-barner or caraphine-lamp, and the 
raj3 rendered as parallel as poBsible by a large plano-ooiiTex 
iens placed betwixt tbe ligbt and the negative, lb ie not 
eaaj to arrange the npparatna so ni to get the light unt- 
form; but a little practice will soon obviate this diffianlty. 
Ordinary gronnd-glaai ia too ooaraely grained to focua upon, 
as the magnifyiDg power ased to examine tbe minnte reflec- 
tiun moat be cooaiderable. One of the slidea must therefore 
be coated with collodion, anhmitted to the Hilcer-bath, and 
after washing with water, ullnived to dry. Upon tbia may 
he foouBsed the reflected imago, and ita niinntenesa eiaminod 
with a powerful band-magnifier, or another mioroBcope 
placed behind ia a horizontal position. When the utmost 
eharpneas of definition ia obtained, itia nsQally necesaary to 
remove the plate a little distance from the objeot-glasa, as 
those for the mioroacope are slightly over-corrected, bo that 
the chemical raja which accomplish the photographj- are 
beyond the visual ones. The exact distance required to 
give a pictnre to show the greatest distinctnesa cannot he 
given by rn1e{ but ciperimentB must be made at first, and 
it will alwnya bo the same with the oliijeot-glaa 
have tested. 

The plate may now be prepared as in ordinary ph<M 
graphy, and placed npon the stage whilat the lighH 
ehaded. When all ia ready, the shade is removed and f 
proceafl allowed to go on, naoally for thirty oi 
but no certain rule can be given as to the required timi 
aiicount of the variety of collodion", lamps, and powers n 
Ic may ba here mentioned, that it ia well to coDtrive n 
little frame to receive the prepared plate, as the silver-b 
si^lntion ia liable to get upon the microscope- stage, andl 
to say the least, disfigure it. When the exposure baa V 

latinned snfBciently loog, the picture may be developed V_ 
any of the ordinary methode, Vrat somft q^ tV«Wrt, ^todoc- ^ 
tiona have been brought oat \>-j "Coa ^\\ q^ v^'">*'^'^ ^"^ 
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citric acid eolntion, with the addition of a little alcohol. 
The fixing may he effected hj a strong boIqUoq of hjpo- 
Bolpbite of HodEi, and the picture shoold then be very well 
washed with pare water. When dry, the photograph must 
be mounted with Canada balsam, in the same maaner aa 
any ordinary object ; but great Heat must not be used, or 
the pictare may bo iojared. 

When ordinary daylight is employed for thia purpose, a 
dark elide will be re([nired for the prepared plate, in tbe 
aatne way as for photographing landacapes, &c. Theaa 
dart slides are generally made by each individual to euit 
hia particular arraDgements of negatives ; bat it may 
be here recommended that the operator should always 
foonsiin the same slide which he is about to use, as so 
small a diSerence in distance lies betwixt perfeotion and 
fail are. 

For an ordinary stodent, perhaps tlie preceding method is 
that which is the most readily used, and consequently the 
most generally available ; bat almost every ons has a dif- 
ferent arrangement of microscope, by which he procares 
these rainnte pictures. Mr. Shadbolt (one of onr moat 
sncoesBfal photograjihera) gives the following instniotiona : — 
"Having removed the upper stage-plata of a large com- 
ponnd microscope, I replace it with ooe of wood, supplied 
with guide-pins of silver wire, in order to admit of its sup- 
porting a slip of glass coated with collodion, and excited in 
the nitrate of silver bath in the uanal way. If the ordi- 
nary brass stage-plata were left undisturbed, it ia obvious 
that it and the excited slip of glass would be mutnally 
destructive. 

" The microscope is now to be placed in a horizontal 
poaition, the objective, intended to produce the picture, 
made to occnpy the place uaually filkd by the achromalio 
condenser on the sub-stage of the microscope, while another 
objective is screwed into the lower end of the body of the 
instrnment, which is used not only to focus with, b 
to mate the requisite allowance for actinic variation. 
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" The negative intended to be reduced 
orticall;, ivith its centre in the axis of the mioroec 
hoUj, at a diBtancB from tno to four feet from the k 
objeot-glaas, and with a convenient screen of card, wc 
thick paper, to cut off any exb-aneotiB light that 
■wise pass bejond the limita of the piotnre, 
L small campbine-lamp is employed for the pnrp( 
illuminating the negative, having a good bnll's-oye lei 
a condenser, so arranged with ite flat Bide next the li 
that the refracted rays shall jnst fill the whole of & ii 
convex lena of abont aii inches in diameter, the latter l 
placed in such a positioc as "to refract the raya of light 
paTallel direction upon the negative. By this 
the ivil'a-eye lens of about Iwo inches and a half 
diameter appears as fhe eoDrce of the light instead of thi 
small flame of the lamp, ~" 

" By using a bat'a-wing gas-barner of a good size, a 
lens, instead of the two, may be so xilaccd as to give 
necflssary nuiformity of illuminalion." 

~^ds arrangement requires the same eare in working 
that before mentioned, the pictures being prodnced, 
vcloped, and fised by the same treatment. 

It is certain that almost every manipulator 
imall changes in the method of producing these minnte pie- 
.ures; hut the rules given, thongh far from new, are 
suffioient for all parposes; and I may say with truth, that 
\ those which I procured when these wonders were quite new. 
are fully eqnal in every respect to the beat usually met with 
I at the present time. 

With these inatructions I shall close my Handbook, as I 
believe that nearly every branch of the Preparation and 
Jloanting of Microsoopio Objects has been treated of, Not 
that the beginner can eipect that he has only to read this 
to be able to mount everything; hut that there are diffionI> 
k ties from which he may be freed by inatniotion.when other- 
I msg he would have boeaoom^eWei ViVavaVj S.BSiKi« i£itn«. 
I may here, however, repeat cert^nW *AVi.ce "XieSOTH ^itsi.,- 



If in 
f the 

i 



f 



OP MICROSCOPIC OBJECTS. 207 

tli9.t, when practicable, it is a good thiog to mount each 
olject by two or more different methods, as rerj frequently 
one feature is best shown dry, another in liquid, and a third 
in balsam. Secondly, let no failures discourage you in 
following up what will assuredly one day become a source of 
great pleasure, and render your daily constitutional walk, 
which is often dull in the extreme, very delightful, as it will 
afford you some new wonder in every hedge-row. And, 
lastly, let the mountmg be studied ihoroughhf, scarcely any 
part of microscopic science being more worthy of thought 
than this, since it will so far contribute to the enjoyment 
or instruction of others, as to preserve for their examination, 
objects which have already ministered to your own, but 
which may yet be so perishable as to be speedily lost unless 
some one of the many processes described in this manual be 
employed for their preservation. 
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any branch, of Natural History, with Appendix for recording 
inter^tine particulars, and lettered pages tor general Index. 
Strongly bound, 2iX> pages, ^s. 6u. ; 300 pages, los. ; and 
21. 6i/. extra for every additional 100 pages. Working Cata- 
logues, 1/. &1. each. 

DESK. Sti 



CONCHOLGGY, Journal of. Containing Original Communi- 
cations, Descriplions of New Species, &c Demv Svo. Pub- 
lished Quarterly, price Ii. Vol. I. (17 Nos.) 131., Vol. II. 
(12 Nos.) lis., Vol. TIL, Nos. i to S, u. each. 

COOKE, M. C, M.A., LL.D. 

THE BRITISH FUNGI: A Plain and Easy Account of. 
With especial reference to the Esculent and other Economic 
Species. With Coloured Plates of 40 Species. Third Edition, 
revised. Crown 8yo, cloth, 6j. 

RUST, SMUT, MILDEW, AND MOULD : An Intro- 
duction 10 the Study of Microscopic Fungi. lUuslrated with 
269 Coloured Figures by J. E. Sowekby. Fourlh Edition, 
with Appendix of New Species. Cro*n 8vo, cloth, 61. 

A MANUAL OF BOTANIC TERMS. New Edition, 
greatly Enlarged, including the recent Teratological terms. 
Illustrated with over 300 Woodcuts. Fcap. 8vo, cloth, 
2i. &/. 

A MANUAL OP STRUCTURAL BOTANY. Revissd 
Edition, with New Chemical Notation. Illustrated with 200 
Woodcuts. Tweuty-fiflh Thousand. 32mo, cloth, is. 
COOKE, M. C, M.A., A.L.S., it L. QUELET, M.D., O.A., 
Iiisl. it Sorb. Laur. 

CLAVIS SYNOPTICA HYMENOMYCETUM EU- 
ROP^ORUM. Fcap. 8vo, cloth, ^s. 6d. 
COOLIDGE, SUSAN. 

CROSSPATCH, and other Stories. Adapted from the 
Myths of Mother Goose. With 44 Illustrauons by Ellen 
Oakford. Crown 8vo, cloth gill, 3J. W. 

CRESSiVELL, C . M. , of Ihi Inner Timplr. 
WOMAN, AND HER WORK IN THE WORLD. 
Crown 8vo, cloth, 3J-. bd. 
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tCJtOLL, "JAMES, LL.D., F.R.S-.af Hir Majaty-s Garegii 
Sitrtiry of Shetland. 

CLIMATE AND TIME IN THEIR GEOLOGICAll 
RELATIONS : A Theory of Secular Changes of ih 5^ 
Eanh'5 Climate. Illustmled with S Coloured Mates 
Woodcuts. Demir 8vo, dolb, 577 pp., 24J. 
CROWN OF LIFE (THE), By M, V. W. With di^iuiS 
Illuminated UordcTS from designs by ARTHUit. Robektst 
Uniform with " THE CtlAIS/GED CAOSS." Fcap, 4 
cloth extra, 6s. 
Ct/VIER, Barcn. 

THE ANIMAL KINGDOM: Arranged after it 

lion, foitning a Natural Hj.slory of Animals, and Introduclii 
TO CompaiiiiLVe Anatomy. With coasiderable Addilioos 
W. B. Carpenter, M.D., F.R.S., and J. O. Westwm . 
F.L.S. New Edition, illastrated with 500 Engraving S 
Wood and 36 Coloured Plates. Imp. 8vo, doth, 3" 
DARBY, IV. A., M.A., F.R.A.S. 

THE ASTRONOMICAL OBSERVER : A Handbook & 

the Obsei-valory and the common Telescope. Embracing gfl 

Nebulie, Cluslera, and Double Stars. Roy. 8vo, cloth, 71. f^ 

DA VIES. THOMAS. 

THE PREPARATION and MOUNTING af MICRCi 
SCOPIC OBJECTS. New Edition, ereatly Enlargi 
and brought up to ihe Present Time by John Matthewj 
M.D., F.R.M.S., Vice-President of the Qnekelt M 
scopical Club. Twelfth Thousand. Fcap. Svo, cloth, 2; 

I^A VIS, GEORGE E., F.R.M.S., E.C.S., F.I.C., Sfc. 

PRACTICAL MICROSCOPY, Illustrated with 257 Woo 

cuts and a Coloured Frontispiece. Demy Svo, cloth, Js. t 

Sie also page 28. 

DE CRESPIGNV, E.G., M.D. 

A NEW LONDON FLORA ; or, Handboolt to the Hot 
ca! Localities of the Metropolitan Districts. Compiled fr 
the Latest Authorities and from Personal Observation. Crowi 
Svo, cloth, Sj. 

DEWAR, J., L.R.C.P.E. 

INDIGESTION AND DIET. Crown Svo, limp cloth, S 
D:cA', Capt. ST. JOIIiV. 

PLIES AND FLY FISHING. Illuslraie.!. Crown 8v 
doc'i, ^. 6/1. 
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DRAMATIC LIST (THE) : Biographical Skelches of the ' 
Principal Living Actors aiiil Aclresses of ihe British Stage. 
Wilh Criticisms from Contemporary Journals. Compiled and 
Edited by Charles Evee Pascoe. Second Edition, Revised 
and Enlarged. Crown 8vo, cloth, y. bd. 
DRAMATIC NOTES: AVearBookofthe Slage. Illu«rHted 
wilh Sketches of Scenes and Characterii of the Principal 
Plays of the Year. Published Annually, price u. 
DRURY, E. J. 

CHRONOLOGY AT A GLANCE : An Epitome of Events 
from 4000 B.i:. to a.d. 1878. Fcap. 8vo, sewed, is. 
DUDGEON, R. E., M.D. 

THE HUMAN EYE : Ila Optical Construction Popu- 
larly Explained. Illustrated wilh 32 Woodcuts. Royal 
i8mo, dolh, 3f. e>d. 
DUNCAN. JAMES, F.L.S. 

INTRODUCTION TO ENTOMOLOGY. With 38 

Coloured Plates. Fcap. 8bo, cloth, 4J. bd. 
BRITISH BUTTERFLIES: A complete Description of 
the Larv3! and full-grown Insects of our Nilive Species. 
With Coloured Figures of Eighty Varieties. Fcap. 8vo, 
clolh, ^. 6d, 
BRITISH MOTHS: A complete Description of the Larva: 
and full-giown Insects of out Native Species, With Colooced 
Figures of Eighty Varieties. Fcap. 8vo, doth, 4J. 6d. 
BEETLES, British and Foreign. Containing a full descrip- 
tion of the more important Species. With Coloured Figures of 
more than One Hundred Varieties. Fcap. 8vo, clolh, 41. 6d. 
EXOTIC BUTTERFLIES. With 36 Coloured Plates. 

Fcap. 8vo, cloth, +1. 6d. 
EXOTIC MOTHS. With 34 Coloured Plates. Fcsp. 8vo, 
cloth, 4T. 6d. 
DUNCAN, (V. STEWART. 
CONSCIOUS MATTER; or. The Physical and thePsychical 
Universally in Causal Connection. Crown Svo, clolh, y. 
DYEK, Rfu. T. F. THISELTON, M.A. 

ENGLISH FOLK-LORE. Second Edition. Crovm Svo, 
cloth, 5/. 
EDGEWORTH, M. P., F.L.S., F.A.S. 
POLLEN, Illustrated with 438 Figures, Second Edition, 
revised and corrected, Uemy Svo, cloth, Js. 6d. 
EXERCISE AND TRAINING. Tenth Thousand. Royal 
i6mo, cloth, Illustrated, price 11. Set Health Pbimehs. 
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I FARRAE. The Hcv. FREDERIC W., D.D., F.R.S., Caiim f 
Walminster, &'i. 
WORDS OP TRUTH AND WISDOM. Ctown 8v .. 

I FLEISCHMANM, A., M.R.C.S. 

PLAIN AND PRACTICAL MEDICAL PRECEPT !. 
Second Edition, revised and enlarged. On a large sheet, 4 i. 
FLOWER, W. H.. Comin>ati>r of the Museum. 

CATALOGUE of the SPECIMENS Illustrating the 
OSTEOLOGYorDENTITIONofVERTEBRATED 
ANIMALS in the Mnseum of the Royal College of SuigeOM 
of England. Part I. Containing Human Osteology, wilhOI>- 
servations upon Cranial Measurements, and Tables for ealca- 
lating Indices. Demy Svcr, cloth, 7.t. fid. 
FORBES, URQUHART A., of Linrolns Jan. 

THE LAW RELATING TO TRUSTEE AND POST- 
OFFICE SAVINGS' BANKS, with Notes of Decisions 
and Awards made by the Barrister and the RegiElrar of 
Friendly Societies. Demy l2mo, cloth. 71. id. 
FOURNIER, ALFRED, Prafissair h la FacuUi dt MMenni dt 
' Pari!, Mklcdn dct'Hapilal Saint Louis, Membrt de I'Acadimie 

dt Midcdni. 

SYPHILIS AND MARRIAGE : Lectnres delivered at the 
Hospiial of St. Louis. Transkted by Alpbed Lingahd. 
Crown Svo, cloth, lOi, &/. 
FRY, HERBERT. 
LONDON IN 1B81. Illustrated with i5 Bird's-Eye Views of 
ihe Principal Stteets and a Map. Eighth Edition, Crown 
8vo, cioih, 21. 
ROYAL GUIDE TO THE LONDON CHARITIES, 
18S1-52. Showing, ic aljjhabetical order, their Name, Dale 
of Foundation, Address, Objects, Annual Income, Chief 
Officials, &c. Eighteenlh Annual Edition. Crown Bvo, cloth, 

GATTV. ALFRED, D.D. 
A KEYTO TENNYSON'S "IN MEMORIAM." Fcap, 
8vo, parchment, a. &/. 
GEOLOGISTS' ASSOCIATION, Proceedings of. EdUed 
by J. Logan Lout-tf, F.G.S, Dtti»^8iQ,wiihIlIustiaiiotu. 
Published Quatlertv. \d\. l.,»¥a,^s t^d. ea*-, \f\^i;> 
8 Parts; Vol. HI.. a¥i«»s-. NoV YS.,<i?».*=.-, '^'A-^-- 
Parts t to 6, 11. M. eaA. 
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GRANVILLE, J. MORTIMER, M.D. 

THE CARE AND CURE OF THE INSANE : Being 
the Reports of The Lamrl Commbsioo on Lunatic Asylums, 
1875-6-7, for Middleseit, City of London, and Surrej- (re- 
published by permission), with a Digest of the prindpaJ records 
extant, and a Statistical Review of the Work of each Asylum, 
from the date of its opening to the end of 1S75. Two Vols,, 
demy Svo, cloth, 36 j. 

HOW TO MAKE THE BEST OF LIFE. CoHlents:— 
Health — Feelings — Breathing — Drinlting — Eating— Over- 
work— Change— Life Strength, Fcap. Svo, cloth, li. 

COMMON MIND TROUBLES. CunCrt^j .— FaUings— 
Defects of Memory— Confusions of Thought— Sleeplessnes* 
— Hesitation and Errors in Speech^Low Spirits— Tempers, 
&c. Eighth Thousand. Fcap, Svo, cloth, 11. 

THE SECRET OF A CLEAR HEAD, Cimlcnts:— 
Temperature— Habit— Time — Pleasure- Self-Importance — 
Consistency— Simplicity— A Clear Head. Eleventh Thousand, 
Fcap, Svo, cloth, ij. 

THE SECRET OF A GOOD MEMORY, CenUHts:— 
What Memory is, and How it Works— Taking in and Storing 
— Ways of Remembering Facts, Figures, Jorms, Persons, 
Places. Property— The Secret of a Good Memory, Tenth 
Thousand. Fcap. Svo, cloth, is. 

SLEEP AND SLEEPLESSNESS. C««/«« .■-Sleep- 
Going to Sleep— Sleeping — Awaking — Sleepl(^ssness — Sleep 
and Food, Tenth Thousand, Fcap. Svo, cloth, u. 

YOUTH : ItB Care and Culture. An Outline of Principles 
for Parents and Guardians, Post Svo, cloth, 2j. 6rf. 

"CHANGE" AS A MENTAL RESTORATIVE. 
Demy Svo, parchment, 11. 
HAAffLTOf/. R., Af.D..F.R.S. 

THE NATURAL HISTORY OF BRITISH FISHES 
With 68 Coloured Plates. Two Vols,, fcap, Svo, cloth, 91. 
HARRIS, yOEL CHANDLER. 

UNCLE REMUS, and his Legends of the Old PUnta- 
tion. With Illustrations by F. Chdrch and J, Mosbr. 
Crown Svo, cloth, 51, 
HAWEIS, The Rev. H. R., M.A. 

MUSIC AND MORALS, Tenth Edition, Crown Svo, 
doth, Illustrated, 7/. bd. 
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HEALTH PRIUERS. t. Piautuie DcUb : Its Promotin 
Of PmatKM. 1. Alcoltol ; lis Us< ind Abuse. 3. EiQ 
ciie ind Tnaoi^. 4. The Hone aod iu SnironiiiliDgs. J. 
Penooal Appeanacei ia He^th aad DUcssc. 6. Baths asc 
Bkiliue. 7. The Skin udiisTmubln. 8. TheHcaitino 
iu FoDcdon. Dear 161110, cloth, li. each. 

HEAPHY, THOMAS. 

THE LIKENESS OP CHRIST. Bdisg ui EnqaJirmu 
Ibe TdiMDiilinule of the TccciT«d Likeness of our Bles^ 
LonL Ediied by Wyx« Bayliss. F.S.A. DlusinitoJ with 
Tvdn P<r>ni»U, Coloarod as FatsimUes. and Fifty Engiav- 
iop on Wood 6fom oriemal Fie<coe$, Mosaics, Paleia, and 
(Mba Works of Ait of the Gisl Six Centttiies. Handsomelj 
bonnd in doth gilt, atlas 4(0. Frice ;£5 51. 

HEART (THE) AND ITS FUNCTION. Royal l6ino, 
doUt, liluslrstcd, price u. Su HEALTH PRIMSKS. 

tlERSCHEL, Sir JOHN F. W., Bart., K.H.. &^., Mmitr 
afiki Imitilmtt 0/ Framt. &v, 
POPULAR LECTURES ON SCIENTIFIC SUB- 
JECTS. Eigbtfa Thousand. Crown 8vo, clolh. 6j. 

trOOKEK, Sir If. 7.. F.^.S., a^% G. BAKER, F.L.S. 
SYNOPSIS FILICUM; or, A Synapsis of aU Ki 
Fenu, indadii^ ihe Osmundacez, Schiueacex, Manatia.-. 
and Opbioglos£sccE (chiefly derived from the Kew Hi 

barincs), atcompauitd by Figures representing the e ' 

Cbaiaeters of each Genus. Second Edition, brought 
lie Present Time. 8™, cloth. Coloured Plales, £1 Sf. 

HOUSE (THE) AND ITS SURROUNDINGS, Tenth 
Thou^nd. Royal i6n>o, cloth, price 11. Set Health 

FRlUtKS. 

HOWDEN, PETEk, KS. 
HORSE WARRANTY : A Plain and Comprehensive Guide 

la the various Points to be noted, showii^g which are esscD- 

lial and which aic unimportant. With Forroi of Warranty. 

Fcap. 8vo, cloth, ys. 6J. 
HOW TO ADDRESS TITLED PEOPLE. With 

nations of over 500 Abbreviations— Academical, Ecclesiastii 

Legal, Literary, Masonic Imperial, and Anci " 

32100, cloth gilt, U- 
HOW TO CHOOSE A MICROSCOPE. 

sirator. With 80 Ulustrauons. Demy Bvo, 
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HOW TO USE THE PISTOL. Tlie Pistol as a Weapon 
of Defence ui the liuuse and on the Ro:id : How to Choose 
it, and How to Use il. Crown 3vo, cloth, 2/. 6rf. 

HUNTER, y., lale Hon. Sec. of the BrU. Btt-kiipers' Association. 
A MANUAL OF BBB-KEBPINQ. Containing Practical 
Information for Rational and PioGlable Methods of Bee 
Management. Fall Instructions on Stimulative Feeding, 
Ligurianicing and Queen- raising, with descriptions of the 
American Comb Foundation, Sectional Supers, and the best 
Hives and Apiarian Appliances oti all systems. With Ulus- 
traliunii. Third Edition. Crown Svo, cloth, 31. hd, 

HUSBAND, H. AUBREY, M.S., F.R.C.S.E., A'c. 

THE STUDENT'S HANDBOOK OP THE PRAC- 
TICE of MEDICINE. DesigDEdfortheUseofStudents 
preparing for Examination. Second Edition, Revised and 
Enlarged. Fost Svo, cloth, ^s. 61I. 
THE STUDENT'S HANDBOOK OF FORENSIC 
MEDICINE AND MEDICAL POLICE. Third 
Edition, Enlai^ed and Improved, Post Svo, cloth, lOi. 6i. 

JARDINB, Sir IV., F.L.S., F.R.S. 

THE NATURAL HISTORY OP BRITISH BIRDS. 
With I20 Coloured Plates. 4 volg. Fcap. Svo, cloth, iSi. 

yEWITT, LLEWELLYNN, F.S.A. 

HALF-HOURS AMONG ENGLISH ANTIQUITIES. 
Conlenls : Arms, Armour, Pottery, Brasses, Coins, Church 
Bells, Class, Tapestry, Ornaments, Flint Implements, &c. 
With 304 Illustrations. Second Edition. Cr. 8vo, cloth, 51. 

yOHNSON, R. LOCKE, L.R.C.P., L.R.C.!., L.S.A., &'c. 
POOD CHART : Giving the Names, Classification, Composi- 
tion, Elementary Value, rates of DigestibUity, Adulterations, 
Tests, &C., of the Alimentat]' substances in general u^e. 
In wrapper, 410, 21. bd. \ or on roller, varnished, &i. 

JOURNAL OF APPLIED SCIENCE {THE) : A Monthly 
Record of Progress in the Industrial Arts. Edited by P. L, 
Simmon Ds. Cun/enii : — A gticul ture — C hemistry— Commerce 
— Domestic Economy— Electrici ly— Manufactures— Natural 
History — Navigation — Technical Education — Reviews — 
Notes, &C. Monthly, price 41/. ; Annual Subscription, ^s. 
(iiuiluding Postage). 

KANDAHAR CAMPAIGN, Personal Records of. By 
Oflicers engaged therein. Edited and Annotated, with an 
Introduction by Major Ashe, late King's Dragoon Guards. 
Demy Svo, cloth, I2s. &/. 
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^H KAYE, SIR JOHN WILLIAM. 

^H LIVES OF INDIAN OFFICERS : lUuslralive of the 

^^H torjr of the Civil and Miiltarjr Service of India. 

^^1 C0HNWA1.1.1S, Malcolm, ELFKiNSTowe.—znd Series :J1ar- 

^^P TVN, Metcalfe, Bursts, Conolly, PoTTiNGBR.--3rd 

^^P Series; TouD, Lawrence, Netll, Nicholson. Ibree 

Volumes, crown Svo, cloth, 6j. each. 
KEENE, Eeii. H. G., Som^ime Persian and Arabic Pm/aa 

the East Indian College, HaihybuTy, Herts. 
THE MODEST RAINDROP, and other Fables 

I Old and Young. Translated from the Persian. A K« 

Edition, edited by Kathertne Keenb, wilh Illustrations ' 
Sam:;bl Fkv. Square ibmo, cloth, 2j. bd 
KENT, W. SAVfLLE, E.L.S., P.Z.S., F.R.Hf.S. 
Assistant in the Nat, Hist. Departmenl of the British Mua 
A MANUAL OF THE INFUSORIA. Including .. ^ 
scriptioD of the Flagellate, Cilinte, and Tenlaculiferons Vi 
toKW, British and Foreign, and an account of Ihe Oi^niiat* 
and Affinities of the Sponges. With numerous Illustratif 
Super-royal Svo, cloth. To be completed in 6 Farta, pj 
loj. W. each. Paris I. to V. now ready. 
KINAHAN, C. H. 
HANDY BOOK OF ROCK NAMES. With Brief 
scriptions of the Rocks. Fcap. Svo, cloih, 4^. 
LANKESTER, E., M.D., F.R.S., F.L.S. 

OUR FOOD: Lectures delivered at the South KenMnj. 
Museum. Illustrated. New Edition. Crown Svo, cloth, 

[THE USES OF ANIMALS in Relation to the li 
of Man : Lectures delivered at the South Keiisington Ml 
llluslriited. New Edition. Crown Svo, cloth, 4^. 
PRACTICAL PHYSIOLOGY: ASchool Manual ofHf 
for the use of Classes and General Reading. Illustrated 
numfrous Woodcuts. Sixth Edition, Fcap. Svo, cloth, 2r, 
HALF -HOURS WITH THE MICROSCOPE: 
Popular Guide to the Use of the Instrument. With 
Illustrations. Sixteenth Thousand, enlarged. Fcap. 
doth, plain it. Sd. ; coloured 4/. 
SANITARY INSTRUCTIONS: A Series of Handt^^ 
for general DistribatioD : — I. Management of Inbuta R 



. Scarlet Fever, and the best Means of Preventing 
3. Typhoid or Drain Fever, and its Prevention ; 4. S 
Fox, and its Ptevenlran -, 5. C^QNtiasmiXiSartiMiri^ittA.^ 
Prevention ; 6. MeBa\es, ona ^tiew ¥'!f?tco.'C\on. ■?ai^,-v4,-, 
per doiMi, f>d. ; per lOD, V". pei ^.ooa.-y^.^ 
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LANKESTER, MRS. I 

TALKS ABOUT HEALTH : A Book for Boys and Girls. 
Being an Explanation of all the Proce5ses by which Life is 
sustained. Illustrated. Small 8vo, cloth, Ii. 
BRITISH FERNS : Their Classification, Arrangement of 
Genera, Structures, and Functions, Directions for Ont-door 
and Indoor Cultivation, &c. Illustrated with Coloured 
Figures of all the Species. New and Enlarged Edition. 
Crown 8vo, cloth, gilt, 51. 
WILD FLOWERS WORTH NOTICE: A Selection of 
some of our Native Plants which are most attractive lor their 
Beauty, Uses, or Associations. With 108 Coloured Figures 
by J. E. SowKHBV. New Edition. Crown Svo, cloth, 51. 

LETTERS FROM A CAT. Published by her Mistress, for 
the Benefit of all Cats and the Amusement of Little Children. 
Illustrated with numerous Woodcuts and a Frontispiece. 
Small 4I0, cloth, gilt edges, Sj. 

LIVING VOICES: Selections chiefly from Recent Poetry. 
With a Preface by His Grace the ARCHBISHOP of CANTER- 
BURY. Post Svo, cloth extra, 4J. bd. 

LONDON CATALOGUE OF BRITISH PLANTS. 
Published under the direction of the London Botanical Ex- 
chanije Club, adapted formarking Desiderata in Exchanges of 
Specimens. Seventh Edition. Svo, sewed, dd. 

LORD, y. KEAST. 
AT HOME IN THE WILDERNESS: What to Do 1 
there, and How to do it. A Handbook for TrayelleiS and \ 
Emigrants. With numerous Illuslralions of necessary Ba^ 
Tents, Tools, &c. &c. Second Edition. Crown Svo, Jj. 

MAMMY TITTLEBACK AND HER FAMILY: 

True Story of Seventeen Cats. Uniform with "Letters from. J 
a Cat." Illustrated by Addib Ledyard. Sm,4to, d. gilt, jc, " 

MANQNALL-8 HISTORICAL & MISCELLANEOUS 
QUESTIONS. New and improved Edition, carefiiUy Re- 
vised and brought up to the Present Time. Well printed 
and strongly bound iSmo, cloth boards, is. 

MESSER. FREDERICK A. 

A NEW AND EASY METHOD OF STUDYING 

BRITISH WILD FLOWERS BY NATURAL 

ANALYSIS. Being a Complete Series of Illustrations of 

their Natural Orders and Genera, Analytically Arranged. 

I Demy Svo, cloth, loj. dd. 

MICHOD. C. y., lati Secrdary of the Londsn AtkUlU ClMb. 
GOOD CONDITION : A Guide lo Athletic Training, for 
L Amateurs and Professionals. 4th Thousand. Sm. Era. ijotit-, vs. 
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MIDLAND NATURALIST (THE) : The Journal of the 
Associnted Natural History, Philosophical and Archaeological 
Sociaties and Field Clubs of the Midland Connlies. Edited 
by E, W. Badger, and W. J. Harrison, F.G.S. Demy 
8vo, Illustrated. Monthly, Price Sixpence. Vols. I. to IV. 
nowready, cloth, 7J.6rf. each; Vol. V. cc mmcnced Jan. l88l. 

MILNE, ALEXANDER, M.D. 
The PRINCIPLES & PRACTICE of MIDWIFERY, 
with some of the Diseases of Women. With numerous 
Wood Engravings. Second Edition. Crown 8vo, c!olh,[iu, &/. 
MANUAL OF MATERIA MEDICA AND THERA- 
PEUTICS; Embracing ail the Medicines of the British 
Phannacopceia. Fonrth Edition, Revised and Enlai^ed, by 
William Craig, M.D., &c. Post 8vo, cloth, 91. 

MILTON, 7. L., M.R.C.S. 
THE STREAM OF LIFE ON OUR GLOBE: Its 
Archives, Traditions, and Laws, as revealed by Modem 
Discoveric: in Geology and Palaeontology. A Sketch, in 
Untechnical Language, of the beginning and Growth of Life, 
and the Physiologiral Laws which govern its Progress and 
Operations, Second Edition. Crown Svo, cloth, €s. 

MIVART, ST. GEORGE, F.R.S., V.P.Z.S. 
MAN AND APES : An Exposition of Stnctural Resem- 
blances and Differences, bearing upon Questions of AFhnit; 
and Origin. With numerous Illustrations. Crown Svo, doth, &. 

MONKHOVEN, D. VAN, Pk.D. 

PHOTOGRAPHIC OPTICS, including the description ol 
Lenses and Enlarging Apparatus. With 200 Woodcuts, Crown 
Svo, cloth, Is. 6rf, 

NATURALIST'S LIBRARY (THE). Edited by Sir 
WiLLTAM Jabuink, F.L.S., F.R.S. Containing numerons 
Portmils and Memoirs of Eminent Naturalists. lUnstriled 
with 1,300 Coloured Plates, Forty-two Volumes, fcap.Svo, 
clotli, gilt tops, jfg 91. ; or separately, 4/. 6(/. each. 
THE LIBRARY comprises.— BIRDS, 15 Vols. Britiiii 
Birds. 4 Vols, ; Sun Birds; Humming Birds, 3 Vols. ; Game 
Birds ; Pigeons ; Parrots t Birds of Western Africa. 2 Vols. ; 
Fly- Catchers ; Pheasants and Peacocks, &c. ANIMALS, 
14 Vols. Intrt)d action : Lions and Tigeis ; British Qnadm- 
peds -. Dogs, 2 Vols. ; Horses; Ruminating Animals, 3 Vols, j 
Elephants; Marsupialin ; Seals and Whales; Monkeys; 
Man. INSECTS, 7 Vols. Introduction to EntomoloCTi 
British Butterflies and Moths, a Vols.-, Foreign Butterflies 
and Molhs, 2 Vols.; Be*lles-, Bt«s, ■E\a\VS.'5,^N<i\x. 
Jntroduclion and Foreign ¥\shffi-, "Bwi**. ^XsVbs. I'iti™--. 
Perch Family ; Fishes oT GvBa.™., i"^-'' 
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NAVE, yoHANN. I 

THE COLLECTOR'S HANDY-BOOK of AlgK, * 

Diatoms, Desinids, Fungi, Lichens, Mosses, £c. With 
Instructions for iheir Preparation and for the Fonnation of an 
Herbarium, Translated and Edited by Rev. W. W. SpiCBB, 
M.A. Illustrated with 114 Woodcuts. Fcap, Svo, cloth, w. 6ii 

\Nem Edition in Preparatiany ~ 

NEWMAN, EDIVARD, F.Z.S. J 

BRITISH BUTTERFLIES AND MOTHS: An 11^ 

lustfated Natural History of. CoutainijiE Life-siie Figi 

tfrom Nature of each Species, and of the more stiik 
Varieties ; also full descriptions of both the Perfect loseC 
and the Caterpillar, together with Dates of Appearance ani 
Localities where found. With over 800 Illustrations. Supe» 
royal 8vo, cloth gilt, 251. 
The aiave Work may also bi had in Tiiio Voluuits, le/d sefaralely. J 
Vol. /., Butlcrfiies, 71. td. ; IW. //., MalAs, 10s. ^ 

NEWMAN, Cardinal. 

MISCELLANIES from the OXFORD SERMONS of 1 
JOHN HENRY NEWMAN, D.D. Third Thousand. 
Crown 8vo, cloth, 6j. 
NEWTON, JQSBPlf, F.R.H.S. 

THE LANDSCAPE GARDENER : A Practical Guide tfl 
the Laying-Out, Planting, and Arrangement of Villa Gardens, 
Town Squares, and Open Spaces, from a Quarter of an Acre 
to Four Acres. For use of Practical Gardeners, Amateurs, 
Architects, and Builders. With 24 Plans. Fcap, folio, cl., IW. 
NORTHERN MICROSCOPIST (THE): An Illustrated 
Journal of Practical Microscopy, with the Proceedings of the 
principal Provincial Northern Societies. Edited by Georok 
E. Davis, F.R.M.S. Monthly, price 6^. 
NOTES ON COLLECTING AND PRESERVING 



Illustrations. Crown 8vo, cloth, 3s. dd. 
Cnui^'i— GiDlogiol Specimeni, Banes, BInIa' Eggs, ButlerRies, Betlls, 
HynienopKni, Frcsh-waler Shelly flowering Plana, Trees ud Shrabi, 
MoMcs fungi. Lichens, Senwtedi. ■ 

OUR ACTORS AND ACTRESSES. See DRAMATtc List. M 
PARKER, ROBERT WILLIAM, Auistanl-SHrsion to tkt EasfW 
London Hosfatalfor Children. ^k 

TRACHEOTOMY IN LARYNGEAL DIPHTHERIA ■ 
(Membranous Croup) '. VJivVi "a^eciai ■ft.ileietvw. vi fr&ss- 
Ireatment. To which are HAdei a fe-w "iEtvtiiS. ■^.tw.-sfMA ^^ 
Dipiilheria and its earlier TieaMnral. ■Qcm-i S >ia. O.^^-*"- 
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^H PARKIN, yoHN, F.R.C.P., F.R.C.S. 

^^1 GOUT ; Its Causes, Nature, and Treatment. 

^^1 Directions for the regulation or the Diet. Secood EdidC 

^^^k Demy Eva, cloth, 5.r. 

^B THE ANTIDOTAL TREATMENT OP DISEASl 

^H Part I. Demy 8vo, cloth, ^s. hd. 

EPIDEMIOLOGY; or, The Remote Cause of Epiden 
Diseases in the Animal and in the Vegetable Creation. Wi 
the cause of Hurricanes, and Abnormal Atmospherical Vidw 
tildes. Part II. Demy Svo, cloth, tr ' ' 
PASCOE, CHARLES E. 

SCHOOLS FOR GIRLS AND COLLEGES FOE 
WOMEN : A Handbook of Female Education, chiefly for 
the Use of Persons of the Upper Middle Class, With a Chapter 
on the Higher Employment of Women, Crown Svo, clolh, 5^. 
THE PRINCIPAL PROFESSIONS : A PracUcal Hand- 
boolt to. Compiled from Authentic Sources, and based on 
the most recent Regulations for Admission to the Navy. Armj", 
and Civil Services(Home and Indian), the Legal and Medical 
Professions, the Professions of a Civil Engineer, Architect, and 
Artist, and the Mercantile Marine, New Edition. Crown 
Svo, cloth, Ji. dd. 
PATTERSON, ROBERT LLOYD, ViccPrisidefit of tkt 
Bilfast Natural History Society, fr-f. 
THE BIRDS, FISHES, AND CETACEA commonly 
frequenting Belfast Lough, With a Map of Retfatt 
Lough, and Table of Fish caught. Demy Svo, clolh, lat. 6((. 
PERSONAL APPEARANCES IN HEALTH AND 
DISEASE. Fifth Thousnnd. Royal iCmo, clolh, Illus- 
trated, price If, Sec Health Primurs. 
^- PERSONAL PIETY; A Help to Christians to Walk worthy 
^^^ of their Calling. Twenty-second Thousand. 24mo, cloth, it.ftd. 

^H PHIN, 

^M MOM 

■ POMO 

H loi 

H 



I 



PHIN, J., Editor €f Ameruan Journal of Microscofy. 

HOW TO USE THE MICROSCOPE. Practical Hints 
on the Selection and Use of the Microscope, intended for 
Beginners. Second Edition, Crown Svo, cloth, y. bd. 

POMONA, THE HEREFORDSHIRE : Containing Co- 
loured Figures and Descriptions of all the most esteemed 
Itinds of Apples and Pi^is o( GieaiL Biltain, Edited by 
Robert Hogg, LL.D., ?,1-S. To ^ co«.^\c«ft. \t. %«. ^ 

P-4RTS, 4to. Parti. H^^^^"^';*- ****%?■ S^"iT^*^ZS^5. 
■ numerous VJoodc ^ y^^e^t y^^^^^^^^^^J^g;^ 

St. Martin's Place, W.C. 
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wilh 41 Coloured Fignres and numerous Woodcuts, price 
Part III. Illnstrated wilh 34 Coloured Figures, and numeron* 
Woodcuts, price 2li. Part IV. Illustrated with 60 Coloured 
Figures, and numerous Woodcuts, price z\s. 

PHEMATURE DEATH: Its Promotion ot Prevention. 
Fifth Thousand. Royal l6ino, cloth, price U. Sar HlLM-TK 
Pkimeks. 

PROCTOR, RICHARD A., B.A..F.R.A.S. 

HALF-HOURS WITH THE STARS: A Plain andEwf 
Guide to the knowledge of the Coustellations % showing, in la 
Maps, the position of the principal Star-groups, night after 
night throughout the Year, with Introduction and a separate 
Explanationof each Map. Tenth Thousand. Demy 4to, bds., 51. 
HALF-HOURS with the TELESCOPE : APopularGuide 
to the Use of the Telescope as a means of Amusement and In- 
struction. Seventh Edit, Illustrated. Fcap. 8vo, cloth, zj. (ui. 

QUEKETT MICROSCOPICAL CLUB (Journal of the). 
Demy 8vo, Illustrated. Parts i to 44 (Vol. VI., Part 3) are 
published, I J. each. 

RALFE, CHARLES H., M.A., M.D. Canlab.; F.R.C.F.Lend. ; 
taliTeacher of Pkysiohgual Ckemistty,Sl.Ge<iTgi !Hotfiial,&'c. 
DEMONSTRATIONS IN PHYSIOLOGICAL AND 
PATHOLOGICAL CHEMISTRY. Arranged to 
meet the requirements for the Practical Examination in 
these subjects at the Royal College of Physicians and College 
of Surgeons. Fcap. Svo, cloth, 5J. 

READS, T. MELLARD, C.E., F.p.S., F.R.I.B.A., a-c. 
CHEMICAL DENUDATION IN RELATION TO 
GEOLOGICAL TIME. Demy Svo, dolh, 2J. 6rf. 

RIBEAUCOURT, C. BE. 

A MANUAL OF RATIONAL BEE-KEEPING. 
Translated from the French by Arthur F. G. Leveson- 
GowER. Fcap. Sto, cloth, Illustrated, w. &f. 

RIDLEY, MARIAN S. 

A POCKET GUIDE TO BRITISH FERNS. Feap, 
Svo, cloth, 21. dd. 

RIMMER, R., F.L-S. 

THE LAND AND FRESH WATER SHELLS OP 
THE BRITISH ISLES. Illustrated ivilh 8 Photo, 
graphs and 3 Lithographs, containing figures of all the prin- 
cipal Species. Crown Svo, doth, ioj. dil. 
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ROBERTS. CHARLES, F.Ji.C.S. 
THE DETECTION of COLOUR-BLINDNESS AS 
IMPERFECT EYESIGHT, by ihe Methoda of Dr. 
Snellen, Dr. Daae, and Prof. Holmgren. With a Tahit 
of Coloured Berlin Wools, and Sheet of Test-Typcs. Demj 
8vo, clolh, 51. 
ROBSON, JOHN E. 
BOTANICAL LABELS for Labelling Herbaria, adapted to 
the names in the London Catalogue of Plants and the Manuals 
of Prof. Babjngton and Dr. HoOKER, with Extra Labels for 
all New Species. 3,576 Labels, with Index. Demy 8va, 51. 
RODD, RENNELL. 

SONGS IN THE SOUTH. Imp. l6mo. parchment, 3^. &/. 
SCHAWLE, CHARLES H., M.D., Ph.D. 

FIRST HELP IN ACCIDENTS: Being a Sureical 
Guide in the absence, or before the arrival, of Me£cal 
Aisistonce. Fully Illustrated, jzmo, cloth, u. 
SCH LEIDEN, J. M., M.D. 
THE PRINCIPLES OF SCIENTIFIC BOTANY; or. 
Botany as an Inductive Science. Translated by Dr. LAN- 
K£STER. Numerous Woodcuts and Six Sleel Plates. Demy 
8vo, cloth, loj. (sd. 
SCHMIDT, ADOLPH, BssUied by GRUNDLER, GRUNOW, 
fANMCH, &v. 
ATLAS OF THE DIATOMACE.ffi. This magnificent work 
consists of Photographic Repioduclions of the various forms of 
Diatomacex, on Folio Plates, with description (in German). 
Price 6r. per Part. Eighteen Parts are now ready. 
SCIENCE GOSSIP. A Medium of Interchange and Gossip 
for Students and Lovers of Nature. Edited by J. E. Taylor, 
F.L.S., F.G.S., &c. Published Monthly, with numerous 
lUnstrations. Price Fourpence, or by post Fivepence. 16 
Volumes are now published. Price, Vols. I. to XV., 71, W, 
each; Vol. XVI., 5J. Sie also page %\, 
SCOTT, CLEMENT. 

LAYS OF A LONDONER. Crown 8vo, cloth, Jr. 
SHAKSPERE QUARTO FACSIMILES. Pholo-htho- 
graphed by W. Griggs, under the superintendence of E. J, 
FuRNiVALL, M.A. Camb. No. i, Hamlet, 1603. No. a, 
Hamlet, 1604. No. 3, Midsummer Night's Dream, First 
Qaarto, 1600. No. \, MlSsammex ¥.^^l^: s ■Q«Hn, '5*osbA 
Qaano, 1600. No. s, ljDve'B\aboai'i"Vj!a,i.\'^. "«x™\n 
Subscribers fo( the *lio\e Series ^5^,^,11. fad. eaiio.-, «.-S.™- 
Ribscribers, loj. W, eacli. 
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SHOOLBRED, J. N., Mimb. Inst. C.E. 

ELECTRIC LIGHTING, and its Practical Application. 
Wicli Results from existing Examples. Numerous Illustra- 
tions, crown 8vo, cloth, 5J. 

SHOOTING ON THE WING: Plain Directions for ac- 
quiring the art of Shooting on the Wing. With useful Hints 
concerning all that relates to Guns and Shooting, and particu- 
larly in regard to the art of Loading 30 as to Kill, By ao 
Old Gamekeeper. Crown 8vo, doth, 3J. 6*/. 

SIMMONDS, P. I.., Editor of tht Journal of Appliid Sciaui. 
WASTE PRODUCTS AND UNDEVELOPED SUB- 
STAKCES ; A Synopsis of Progress made in their Econoniic 
Utilization during the last Quarter of a Century, at Home and 
Abroad. Third Edition. Crosvn Svo, doth, gi. 
SCIENCE AND COMMERCE: Their Influence on onr 
Manufactures, t'cap. Svo, clolh, 6j. 
SKIN (THE) AND ITS TROUBLES. Fifth Thousand. 
Royal i6mQ, cloth, Illustrated, price Ii. Su HEALTH 

SMITH, J., A.L.S., late Curator of Ike Royat Gardens, Ktm. 

FERNS, BRITISH AND FOREIGN : The History, 
Oi^Dography, ClassiGcatlon, and Examination of the Species 
of Garden Ferns, with a Treatise on their Cultivation, and 
Directions showing which are the best adapted for the Hot- 
house, Greenhouse, Open Air Fernery, orWardianCase. With 
em Index of Genera, Species, and Synonyms. Fourth Edition, 
revised and greatly enlarged, with New Figures, &c. Crown 
Svo, cloth, 7j, td. 

BIBLE PLANTS: Their History. With a Review of the 
Opinions of Various Writers regarding their Identification. 
Illustrated with 10 Lithographic Plates by W. H. Fitch, 
F.L.S. Crown Svo, clolh, 51. 
SMITH, WORTHINGTOM, F.L.S. 

MUSHROOMS AND TOADSTOOLS: How to Distin- 
guish easily the Difference between Edible and Poisonous 
FungL Two large Sheets, containing Figures of ag Edible 
and 31 Poisonous Species, drawn the natural size, aad 
Coloured from Living Specimens. With descriptive letter- 
press, 6r. ; on canvas, in cloth case for pocket, los. 64.; on 
canvas, on rollers and varnished, loj. &d. The ietlerpreis may 
be had separalely, with key-plates of figures, tj-. 
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SOWERBY. J. 

ENGLISH BOTANY. Coataining a Description and Life- 
size Drawing ot every Brilish Plant. Ediied and brought up 
to the Presenl Standard of Soicntific Knowledge, by T. 
BosWKLL SVME, LL.D., F.L.S., &e. With Popular De- 
scriptions of the Uses, History, and Traditions of each Plant, 
by Mn. LaNKESTEE, Complete in ii Volnmes, cloth, 
£il Bj.; half morocco, j£a4 1 21.; whole morocco, ^28 3J. td. 
^SPRAGVE, ISAAC, and CEOKGE L. COUDALE, M.D., 
/•rejaser of Botany at Hamard ITnivtrsity. 

THE WILD FLOWERS OF AMBSICA. lUustnited 
witb beautifully Coloured Plates from original Waler> |j 
Colour Paintings by Isaac Spkagl'k, Demy 410, PaiM ' 
I to 8 now ready, price Ji. each. 
STANLEY, ARTHUR F., D.D., Dian of WtHmmster. 

SCRIPTURE PORTRAITS, and other " "" 
Crown 8vo, cloth, 61. 
STEINMETZ. A. 

THE SMOKER'S GUIDE, PHILOSOPHER, ANti 
FRIEND; What to Smoke— What to Smoke with— and 
the whole "What's What" of Tobacco, Historical, Bota- 
nical, Manufactural, Anecdotal, Social, Medical, &c. Tenth 
Thousand. Royal 3lmo, dalb, tj. 
SUNDAY EVENING BOOK (THE): Short Papers for 
Family Reading. By J. Hamiltoh, D.D., Dean Stanlcv, 
J. Eadte, D.D., Rev. W. M. Punshon, Rev. T. Einnbv, 
J. R. Macduff, D.D. Fourteenth Thousand. a4nio, cloti 
antique, Ij. 6.V. 
SYMONDS, Rev. W. S., Ralar of Pmdock. 

OLD BONES; or, Notes for Vounfi Naturalists. 
References to the Typical Specimens in the British Mt 
Second Edition, much improved and enlarged. Nun 
Illostratioas. Fcap. 8vo, cloth, aj. bd. 
\TAVL0R, J. E., F.L.S., F.G.S., Editor of '• Scieaci Gossip." 

NATURE'S BYE-PATHS: A Series of Recreative Fapei 
in Natural History. Crown 8vo, cloth, ^s. bd. 

FLOWERS ! Their Origin, Shapes, Perfumes, and Colot 
lUustrated with 3a Coloured Figures by Sowekbv, and l6d 
Woodcuts. Second Edition. Crown 8vo, cloth gilt, Is. bdM 

HALF-HOURS IN THE GREEN LANES: A Boo 
a Country Stroll. Illu^tralcd with 300 Woodcuts. 
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TAYLOR, y. £., conHnufi. 
HALF>HOURS AT THE SBA-SIDE; or, Recreations 
wilb Marine Objects. Illastrated with 250 Woodcnls. Fourth 
Edition. Crawn 8vo, cloth, 41. 
GEOLOGICAL STORIES: A Series of Aulobiogmphies in 
Chronolo^cal Order. Numerous lUuslrations. Fourtli Edition. 
Crown 8vo, dotb, 41, 
THE AQUARIUM r Its Inliabitants, Stractnre, and ManaEc- 
ment. With 238 Woodcuts. Second Edition, crown 8vo, 
cloth extra, 61. 
Aira/jo Notes on Coliectinq and Pkeserving Natdkal 
History Objects, /aj-^ 19. 
TIME'S FOOTPRINTS : A Birthday Book of Bilter-Sweet. 

i6mo, doth giic, zt. 6d. 
TREASURY OF CHOICE QUOTATIONS; Selections 
from more than 300 Eminent Authors. Wilh a complete 
Index. Crown 8vo, cloth extra, 3J. dd. 
TRIMEN, H., M.S. (Land.), F.I..S., and DYER, IV. T., B.A. 
THE FLORA OF MIDDLESEX: A Topographical and 
Historical Account of the Plajila found in the County. With 
Sketches of its Physical Geography and Climate, and of the 
Progress of Middlesex Botany during the last Three Centn- 
, ries. Wilh a Mnp of Botanical Districts. Crown Svo, 12J. '6rf. 
TROTTER, M. E. 
A METHOD OF TEACHING PLAIN NEEDLE- 
WORK IN SCHOOLS. Illustrated with Diagrams and 

I Samplers. New Edition, revised and arranged according to 

Standards. Demy 8vo, cloth, as. 6rf. 
TURNER, M.,and IV. HARRIS. 
A GUIDE to the INSTITUTIONS and CHARITIES 
for the BLIND in the United Kingdom. Together with 
Lists of Books and Appliances for their Use, a Calalogue of 
Books published upon the subject of the Blind, and a List 
of Foreign Institutions. &c. Demy 8vo, cloth, 31. 
TWINING, THOMAS, F.S.A. 
L SCIENCE MADE EASY. A Connected and Progressive 

I Course of Ten Familiar Lectures. Six Parts, 4to, price 11. 

I each. Ceutenls : — Part I. Introduction, eitplaining the purpose 

I of the present Course, and its use in Schools, or for Home 

I Study.— Part II. Lecture i. The First Elements of Mechani- 

■ cal Physics. Lecmre ii. Mechanical Physics (amlinued). — 

I Part III. Lecture iii. Mechanical Physics (cmcluded). 

^L Lecture iv. Chemical Physics. — Part iV. Lectnxe. ' 
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V InofXiuiic Chcmialry. Lecture vL Oi^anic Oiemistry. — 1 alCB 

H V, Lecture vii. Outlinesor the Mineral and Vegetable Kiig-W 

doms. Lecture viiL Uuilines of the Animal Kingdom — I 

Part VI, Lecture in. Human Phj-.iology, with Outline: of I 

AnBtorof. Lecture i. Human Physiology (comludei). 

A Seriet of Diagiams illustrating the above is also pu> ' 

a list of which may Iw hud on application. The price of a 

pleic Set of Di^rmns is £i ; the cost of the (eparate sheets 

from bi. lo 4/. 

" Tar ilieir pcnpinjily. cheapneu aQduKfuTDeBrWeheartLlrcDDiineiii 
Cdlinc or Letztum ti> all primarv BchoalB and (o vtry many populoui loci 
whrre it ii dvBired by innucniiat ruidenls lo inpail picuing 0nd ioitn 
iDfomution, lr« from hiGh^claa scicpuJic pbnw<Aogy^"^youniaiaf Afifi-'ed 

UP THE RIVER frotn WESTMINSTER to WINDSOIt ; 

A Panorama in Pen and Iiik. lUuslialed with 81 Engravings 
and a Map of the Thames. Demy 8vo, 1. ' ' 
VICTORIA INSTITUTE, or Philosophical Sodetj of C 

Bntain : Journal of the TmnsactionE of. Edited by the Hon^ 
Secretary, Captain F. W. H. PetRik, F.R.S.L., F.G.S., &&' 
Demy 8vo. Vol. XII. Pari i. ^l. (nt Part ii. y. 6d. Vols. * 
I. to XI., cloth, gilt tops, price jCt Is. each. Mo^ of 
the more important articles are published also in 
form. A list of these may be had on application. 
WAGNER'S LOHENGRIN, Musically and Piclorially Illus- 
Iroled. The I^egend and the Poem written and translated by . 
John P. Jacksun. With the Musical Gems of the Opet«,l 
for Voice and Piano, arranged by FkAHCEs MaNKTTE Jack-F 
SON. Koyal 410, sewed, 21. 6d. 
WAITE, S. C. 

GRACEFUL RIDING: A Pocket Manual for Equul 
Illuslrateti. Kcap. Svo, cloth, 21, td. 
WALE, Tht Kiv. If. y., M.A, Late Liculmanl \yk j 
Hussars and Scots Griys. 

SWORD AND SURPLICE; or, Thirty Years' Remin-I 
iscenees of the Army and (he Church. An AutobiOf;raph7.l 

WithaFrontispief- " " - -'-'- '-- " 

''ALPORD, E., M.A.,LaU Scholar b/ Ballml Culligt, Oxford. 

PLEASANT DAYS IN PLEASANT PLACES, L 
CaHttHls: Domeyand Bumliom— Shanklin— Hadleigh— Si. I 
David's — Winchilsea — Sandwich— St. Osylh's Priory — Rich- f 
borough Castle — Great Yarmoulh ^ Old Moreton Hal! — 
Cumnor — Ightbam — Shoreham and Bramber — Beaulicu — 
Kenil worth —Tattcrshnll Tower— Tower of Essex. Second 1 
Edition. With numerous Woodcuts. Cr. Svo, cloth e; 
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IVALFO/iD, E., canlinittd. 

HOLIDAYS IN HOME COUNTIES. Cenlints : The 
Birthplace of Nelson — Chiflwick — Selbourne — Bramblelye 
House— Cheneys — Dover — Wolsey at Esher — Stolte Pogis— 
Leeds Castle — Thames Head— St. Albans and Gorhambury 
— Cherlsey— Harold's Tomb — Rochester — Ely — Halnaker 
and Baxgrove. Illustrated with [lumerous Woodcuts. Crown 
Svo, cloth extra, 5J. 

THE SHILLING PEERAGE. Containing an Alphabetical 
List of the House of Lords, Dates of Creation, Lists of 
Scotch and Irish Peers, Addresses, &c. 32mo, cloth, li. 
Published annually. 

THE SHILLING BARONETAGE. Containingan Alpha- 
betical List of the Baronets oi the United Kingdom, Short 
Biographical Notices, Dates of Creation, Addresses, a:c. 
3Zmo, doth, \s. Published annually. 

THE SHILLING KNIGHTAGE, Containing an Alpha- 
betical List of the Knights of the United Kingdom, Short 
Biographical Notices, Dates of Creation, Addresses, 3:c. 
3imo, cloth, II. Published annually. 

THE SHILLING HOUSE OP COMMONS. Containing 
a List of all the Members of the British Parliament, their Town 
andCounlryAddresses,&c. 32mo,cl.,j*. Published annually. 

THE COMPLETE PEERAGE, BARONETAGE, 
KNIGHTAGE, AND HOUSE OP COMMONS. In 
One Volume, royal gzmo, cloth eitra, gilt edges, 51. Pub. 
lished annually. 
WHITMAN, WALT. 

LEAVES OF GRASS. Author's Copyright Edition. Crown 
Svo, cloth, gj. 
WILBERFORCE, HAMUEL, D.D., Bisho/i of Wi-nrkesler. 

HEROES OF HEBREW HISTORY. New Edition. 
Crown Svo, cloth, 51. 
WILDE, OSCAR. 

POEMS. Third Edition, Crown Svo. Printed on Dutch 
hand-made paper and bound in parchment, 101. td. 
WILSON'S AMERICAN ORNITHOLOGY; or, Natural 
History of the Birds of the United States ; with the Continua- 
tion by Prince CHARLES LuciEN Bonaparte. New and 
Enlarged Edition, completed by the insertion of above One 
Hundred Birds omitted in the original Work, and by valuable 
Notes and Life of the Author by Sir William Jardine. 
Three Vols. Large Paper, demy 410, with Portrait of Wl taON, 
and 103 Plates, exhibiting nearly 400 figures, carefully Co- 
loured by Hand, half-Roshuiglie, £& 6i. 

3, St. Martinis Place, W.C. ^^^ 
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WOOD, Tlu Rtv. y. C. M.A.. F.L.S., &'c: 
MAN AND BEAST, HERE AND HEREAFTER 

lllnslraltd by marc Ihan 300 original Anccdolo, Fooitl 

Edition. Tosl Sio. cloth, bi. bd. 
WORDSWORTH'S POEMS FOR THE YOUNQ. With 

;o IUastratioD« by John Macuiiiktek and /ohm FbttIB, i 

sod a Vignelte by J. E, Millais, R.A. Demy -'— 

cloth gill, li. fd. 
WYNTER, A.KDREiV, M.D., HI.R.C.F. 
SUBTLE BRAINS AND LISSOM FINGERS : Bdng ^ 

some of the Chisel Muks of our Indastrial und Scicniiiic 

Progrcii. Third EditioD, revised and corresied by Andkevt 

Steinmetz. Fcap. Svo, doth, y. bd. 
CURIOSITIES OF CIVILIZATION. Being Esay) re- 

r rimed from the QtiarUrly and Edinburgh Rmieait. Crown , 
to, dolh. &i. 
ZERFFl, C. G.. FAD.. F.R.S.L. 

MANUAL of tbe HISTORICAL DEVELOPMENT 
OF ART— Prehutoric, Ancienl, Hebrew, Classic, Early 
Chruiian. With special tcfeieoce to Architecture, SciUpIure, 
Fainliitg, and OmamcnlatioD. Crown Svo, clolh, 61. 
SPIRITUALISM AND ANIMAL MAGNETISM: A 
Treatise on Spiiitn*! MaiiifeslBlioDi, &c. &c, in which it is 
thown that these qui, by carefiil study, be traced to Natonl 
Causes. Third EditioiL Ctoim 8*0, sewed, ti. 

Demy Svo, clolh, 7/. 6J, 

PRACTICAL MICROSCOPY. 
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